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INTRODUCTION 


by the development (R&D) facility for utilizat.on 

o ume, payload attach points, crew time electrical onwnr th mi< ^' 990 s. Space Station will provide pressurized 
support of their scientific research. .echTOl^^e&t^^ SSen,i ? 1 r ® S0Urces '° a user cZZZ * 

wrll operate on-orb, t for an indefinite lifetime its desion k" 1 : °™ erC ' al endeavors in space. Since this "facility" 
environment over many years. While the specifics nMhpeo evo,utlonar V {0 accommodate a dynamic user V 
is certain that user demand for Station resources and services m,SSIOns are not ’ in m °st cases, well understood it 
In fact, the Phase I Space Station is already after the assembly phase is compile 

” l! ,n Ph “ 1 - 

The Space Station Office fSSCh nt maqa , 0 ^ y 

evolution requirements for Space Station F^eextom 1 i Center (LaRC >' is responsible for identity, no 

Evolutionary Definition Office (EDO) of SSO teamed with mw? 6 n i?® 61 ,uture user need s In that role, the 9 
evelop and analyze a set of scenarios that determine thp mn ° nne ^° u 9* as Astronautics Company (MDAC) to 
A scenario, for this analysis, is defined hv p cot ot snner in which Station evolves as a R&D fprilitv/ in o 

a level of transportation support from Earth to SDaceStat?n co '? s ! s, ® nl with a Particular activity emphasis on Station and 
volume) were determined for each scenario ^ Growth resource requirements (e g power crew 

describe the approach and present the results of the LaRC/MDAC Analysis reP ° rt Wi " iden ' i,y ,he Assumptions, ' 

... o, sys ,»™ pioces , 0 , idM1 
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SPACE STATION GROWTH REQUIREMENTS - OVERVIEW 
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scenarios are p^semeTmml faT.' slcfion KlJSSSj" 10 " ™ ^ requiremen.s 

^§li§§S 

The steady slate resource requirements lor a n' . sterns makes use of .he available level o, lilt . 

i“3SSr : “^ "t « - » <-*. ». 

resource requirements Each e™ * ° he Space Sla! 'on. several growth scenario® 0row,h resource requirements for a 
emphasjs nar, ° COnSiStS ° f 8 Prede,ermlned ^ Of transportation supf^i^n^ Space^sfaH^ 

Three transportation models were u®pH «« 

-T^^Terer-r-r 

maximum re^t* emphases were ^ m fies^n 9 
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SPACE STATION GROWTH 

OVERVIEW 


requirements 


— b requ ' remen,s ~“ b " - resu „ s * groMh 



Ulillz ation Emphasis 
Microgravity Research 

Microgravity Research & Materials Production 


Life Sciences Research 


Observational Science 


Sti pp^rf* 

Aggressive 
5 NSTS/yr only 
Moderate 
Aggressive 
5 NSTS/yr only 
Moderate 
Aggressive 
5 NSTS/yr only 
Moderate 
Aggressive 


' ^ ,ran sportation 

Growth requirements were h , • 8ppr ° ach Sec ' i0 " °' ' his ,eport 

•• Power determined for the following resources 

•• Crew 

•• Logistics 


PA6 *.. t ..... wimmm* mm 
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SPACE STATION GROWTH REQUIREMENTS - TRANSPORTATION 


fH^ is projected at a .eve, o, at .east 5 NSTS 

aftermath of the Challenger accident, it is likely that ELVs will auqment NSTS sunnorf! ® P £ roach *° space ‘ransportation .n the 
transportation models for this study are shown on this chart and include hnth Mn » ^ paCe S,a, ‘ on - The ELVs used in the 
intended to be a complete set of ELVs which may serve in a Space Station sunnort Y S YYY lnterna,ional vehicles. This is not 
operational, but should be available in the Space Station operational time frame. role. Most of the vehicles listed are not currently 

be pay,oad --- ^ , 0 

payload from its insertion orbit to the Space Station will require the use of the OMV nr f Yh COmpa,lb,e ' Delivery of the ELV 
use of ELVs increases the Earth-to-orbit transportation capability but does nnPrY m Un ' qUe Upper s,a 9 e Fi nally, the 

rotating crew from the Space Station to Earth P p V- does not provide additional capability for returning material or 
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SPACE STATION GROWTH REQUIREMENTS 

TRANSPORTATION 


Launch Vehicles capable of supporting the Space Station include the National Space 
Transportation System (NSTS), United States supplied ELVs, and ELVs provided and 
launched by the International Space Station partners. Earth to orbit transportation 
support ultimately drives the speed and extent of Space Station growth 


Launch Vehicle 

Major Operational Uses 

Status 

NSTS 

Crew rotation 

Minimum of 5 flights per year 


Logistics delivery 
Logistics return 

projected 

Titan IV 

Growth element delivery 

First launch 9/88; current projected 

Ariane V (ESA) 

Logistics delivery* 

availability for NASA approx 2/yr 

Growth element delivery 
Hermes vehicle launch (crew 
rotation) 

Operational in 1996; 10/yr max 

H-ll (Japan) 

Japanese Experiment Logistics 
Module (ELM) delivery 

Operational in 1993; 2/yr max 

Shutt!e-C/Advanced Launch System 

Growth element delivery 

Phase A/B stage; Operational as 


Large experiment delivery 

early as 1994 if development is 

— ; — — 

Logistics delivery** 

approved 


‘ Modifications fo the current Space Station logistics carriers may be required 
“ Extensive modifications to existing designs or new logistics carriers required 
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SPACE STATION GROWTH REQUIREMENTS - TRANSPORTATION 
CONTINUED 


The ongoing logistics demands of the Phase 1 configuration and its complement of experimentation require a support level 
of at least 5 NSTS per year. The feasibility of adding the power and crew required for full utilization of the Phase 1 missions is 
also questionable at this flight rate, even assuming an enhanced shuttle lift capability. The ability to add power and crew is very 
sensitive to the exact Phase 1 mission set and the percentage of equipment utilization. We found that the difference of 6 double 
racks allocated to p-g experiments as opposed to life science research make the difference of having sufficient lift to launch and 
maintain a second habitation module and associated crew. The shortage of crew and power at Phase 1 will result in lower 
equipment utilization for the Phase 1 missions which in turn will lead to lower user lift requirements. The 'additional' lift due to 
underutilization of equipment may be used for growth; detailed analysis of resource allocation during the Phase 1 time frame 
when resources are insufficient is a subject for an additional study. 

A rough breakdown of the ongoing logistics requirements at Phase 1 (enhanced-NSTS equivalent) are as follows: 

Crew & Station Support Logistics 1.7 

Experiment Support Logistics 1.4 - 1.6 

L ogistics Carriers and AFE for the above 1 ,3 ■ 1 A 

Total 4.4 - 4.7 (Enhanced NSTS) 

The addition of a habitation module requires an entire NSTS flight. Although a flight rale of 5 NSTS per year is sufficient for 
the lift requirements of the Phase 1 missions (ignoring power and crew deficits for a moment), dedication of a full shuttle flight will 
necessarily reduce available experiment lift by approximately 30-40%. 

If the addition of power and a habitation module with crew needed to support the Phase 1 missions is achieved, a rough 
breakdown of the ongoing logistics requirements (enhanced-NSTS equivalent) would be: 

Crew & Station Support Logistics 2.3 

Experiment Support Logistics 1.4 - 1.6 

Logistics Carriers and AFE for the above 1 .5 - 1 .6 

Total 5.2 - 5.4 (Enhanced NSTS) 


In summary, at a flight rate of 5 NSTS/yr, the use of lift to add needed crew and power will severely reduce user support 
during the growth time frame. Even if this growth is achieved, the ability of 5 enhanced NSTS per year to meet the resulting 
Space Station and experiment logistics requirements is borderline. Finally, it is clear that experiment growth is not feasible at this 
flight rate. 
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SPACE STATION GROWTH REQUIREMENTS 

TRANSPORTATION 

CONTINUED 


beyond "e Ph'se' ^evef' 8 ^ “ lnSUl,icien ' S P a “ ®«"»n SMSIimen! growth 


• Growth of crew and power required to meet the needs of a likely set of 


missions at Phase 1 


•• Crew growth requires additional habitation module and resource nodes with associated 
significant ongoing logistics support associated 

•• Power growth has a large one time lift requirement with a smaller ongoing logistics support 

per year, but will impact user support 


• Some resource growth may be possible with 5 enhanced NSTS 
during the growth time frame 


year cou support, even under the assumption of enhanced NSTS lift capability PGr 
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SPACE STATION GROWTH REQUIREMENTS 

POWER 


In order to allow aggressive research in life sciences or microgravity science research 
growmT^S KW r ° dUC,i0n ^ maleria ' S ’ * he Space S,a,ion shou,d be scarred to allow 


• Growth power requirements are determined by the type of experimentation beinq 
the Space Station and the level of launch support being provided to the station 


carried out on 


• The lowest power requirement occurs when observational 
majority of the Space Station utilization 


science experiments represent a 


•’ 150 KW satisfactory for extensive observational science effort 
•• Unlikely scenario considering current Station utilization trends 


The highest power requirement is driven by commercial materials production 
•• Requires extensive launch and return transportation support 

•• Power requirements could reach 300 KW if NSTS support is complemented by considerable 
ELV support or Heavy Lift Launch Vehicle support 

'* All scenarios requiring power levels greater than 225 KW assume ELV support and 
alternate methods for returning processed material to earth 


17 


BUNK 




SPACE STATION GROWTH REQUIREMENTS - POWER 
CONTINUED 


This chart shows the full envelope of possible final multidisciplinary Space Station power requirements based on the level 
of transportation support and Space Station utilization emphasis. 

The Y axis is the total power requirement including housekeeping power and user requirements for all activities on the 
Space Station. The X axis is the total annual amount of lift provided to the Station which must be allocated to users and Space 
Station subsystem support. 

The shaded area above the X axis shows the corresponding level of lift lor various combinations of NSTS and ELVs. The 
purpose of this section is twofold. First, it provides some perspective to the values on the X-axis since few people have the lift 
capability for the shuttle or other vehicles memorized. Second, it can be used to get a rough feel for the potential power 
requirements that would result from supporting the Space Station with a particular vehicle mix. For instance, it it is decided that 
only NSTS flights will be used, and the highest realistic number of flights per year is 10, following the right tic of the NSTS ONLY 
RANGE will show that the highest power requirements likely to occur is slightly over 250 KW. These ranges are meant to lend 
perspective to the X-axis values and do not necessarily correspond to the transportation models used in the analyses. 

The data points correspond to the final power requirement levels in the 10 growth scenarios analyzed. The shaded region 
represents the full envelope of likely lift and power levels required for the growth Space Station. The number of specific growth 
paths analyzed is sufficient to allow interpolation to cases not specifically covered. For example, varying the Space Station 
utilization emphasis between life sciences and materials production will result in power requirements between the lines for 
Microgravity Research and Materials Production and Life Sciences. Also, power requirements for any level of likely 
transportation support may be approximated. 


18 



Power Requirement 


350 

300 

250 

200 

150 

100 

50 

0 


SPACE STATION GROWTH REQUIREMENTS 

POWER 

CONTINUED 


Likely Range of 
Lift and Power 
Requirement 



Space Station Utilization 
Emphasis 

o Mlcrogravlty Research 

□ Microgravity Research & 
Materials Production 


^ Life Sciences 
A Observational Sciences 


Ranges of lift capability 
based on various 
combinations of 
launch vehicles 


5+1 -4. 


5+1 p#— NSTS* + HLLV Range 

.NSTS* + Titan IV Range - 0+5 


10+2 


■NSTS* Only Range —^1 10 



4 Based on enhanced OV-103 with lift 
capability of 22,268 kg 


400 


Annual Lift Support (Thousands of KG) 
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SPACE STATION GROWTH REQUIREMENTS 

POWER 

CONTINUED 


i!Sion h nl?h» X L"""" po ”' ! " level 10 150 KW wi " m*ior initiative 

ulilizalion .1 .he Spa ce Sl»l„n ,n lha areas o, both 

■ t°," "*»**>• ■ <* „««« , 0 

' 8 l5 °, KW m “«“'P"aan- spac. Suita. Is 

support ™ y ,Z rn'S^JKKUr 1 *^ 01 ELV ” a NSTS 

needed to reach commercial materials production and the research 
research) P UC "°" stage (such as a second laboratory module dedicated to M -g 


~sas rKrjEsszrsr - 
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SPACE STATION GROWTH REQUIREMENTS 

CREW SIZE 
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The planned crew size at Phase 1 is severely insufficient to fully utilize the Phase 1 

SCK' 0 "' PaCe S “°" 9r0,,,h reqU ' re " rS ' C0,reClin 3 »"• 'eiooro. 


• Projected crew supporting users at Phase 1 is 6 (additional 2 
systems tasks) 


crew support Space Station 


" -"StS " r— «» b. 

•• Each lab module will be empty (no user crew support) 25% of the time on average 


• Between 4 and 4.5 crew (total including 
each laboratory module 


user and station support) are needed to fully utilize 


’* Phase 1 configuration requires 12 to 14 crew for full utilization 
" One additional habitation module required to support Phase 1 configuration 


• Both power and crew are insufficient at Phase 1, but 
resource 


crew support is the most limiting 
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* The Space Station crew size could conceivably grow to 24 

" ,n order to rotate 22 crew using only the NSTS* crew e»o», „ . 

shuttle flight, and the number of NSTS visits per v^ar wou H all h °J °. reW ro,a,ed P er 
for 22 crew, 9 NSTS flts/yr are required assu m Tn a a18 Z^ c,^ w L° be inCreased < a -9- 

flight; 10 NSTS flts/yr will support up to 25 crew^ith lhe« =1 V and ,. 5 CreW ro,a,ed 
changes are unlikely h ,heSe assu mphons). Such drastic 

•• Using the most optimistic assumptions, the largest crew size that the nc;tc ™ iw 
realistically rotate is 20 MfiO Hnv cta u c y *nat the NSTS could ever 

flights/yr) ' V S ' ay " me ’ 5 Crew ro,a,ed P er settle Wflhl, and 8 NSTS 

Four options exist for increasing the capability to rotate the Space Station crew 
1) Increase the frequency of Space Shuttle missions to the Space Station 

1 Shuttle flight* * 6 ° f ^ SP3Ce Shu,,le crew ’ ,hus ,he number of crew rotated with each 

3) Increase the on-orbit stay time (rotation period) for each crew person 

3) Provide an alternate vehicle for crew rotation surh a* tho t= 

Vehicle (CHRV), She,,,, 


f Ac t 2-_t Bum 



SPACE STATION GROWTH REQUIREMENTS - CREW SIZE 
CONTINUED 


This chart shows the full envelope of possible final multidisciplinary Space Station crew requirements based on the level ol 
transportation support and Space Station utilization emphasis. 

The Y axis is the total crew requirement including housekeeping and user crew requirements lor all activities on the Space 
Station* 1 The X axis Is th^ total annual amount ol lilt provided to the Station which must be allocated to users and Space Staho 

subsystem support. 

The shaded area above the X axis shows the corresponding range ol lilt lor various combinations ol NSTS and ELVs The 
nnmole oMhis section is twofold First, it provides some perspective to the values on the X-axis since lew peop e have the hit 
capability lor the shuttle or other vehicles memorized. Second, it can be used to get a rough leel I for the potential power 
requirements that would result from supporting the Space Station with a particular vehicle mix These ranges are meant to lend 
perspective to the X-axis values and do not necessarily correspond to the transportation models used in the analyses. 

The data ooints correspond to the linal crew requirement levels in the 10 growth scenarios analyzed The shaded region 
support may be approximated. 

Because the analyses were constrained by available lift based on the transportation models, crew requirements and actual 
crew size is identical in most cases. However, because the Phase 1 mission set was predelined and not constralned by available 
crew and Dower at Phase 1, a significant difference between actual and required crew size resulted at Phase 1. For very 
» cinnnrt fpvels a situation occurred in which the growth needed to bring actual crew size up to required crew size 

the graph, represents the case where lilt may no. be sullicien, ,o tu.ly utilize the 

Phase 1 configuration. 
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24 

22 

20 

18 

16 

14 

12 

10 


Likely Range of 
Lift Support and 
Crew Requirement 





Llfl support may not allow 
growth {hab module) to meet crew 
requirement In this region 



Space Station Utilization 


Emphasis 

n 

MfcrogravHy Research & 


Materials Production 

o 

Life Sciences 

A 

Observational Sciences 


8 


Ranges of lift capability 
based on various 
combinations of 
launch vehicles 


5+1 


5+1 


NSTS* + HLLV Range . 
-NSTS* + Titan IV Range - (^ IOtS 


-*f10+2 


NSTS* Only Range 10 * Based on enhanced bV-103 with lift 

i I . 1 capability of 22,26$ kg 



100 150 200 250 300 

Annual Lift Support (Thousands of KG) 


350 


400 
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SPACE STATION GROWTH REQUIREMENTS 

PRESSURIZED MODULES 


The use of pressurized modules (called pocket or mini labs) that are smaller than 

~z : sssr s,, “ h * «■— ■— 


• Features of the pocket lab concept: 


Provides physical separation from the 
(e.g., quarantine facility) 


common modules in order to promote safety 


Allows housing of equipment not adaptable to the common module 
configuration incompatibilities (e.g., 4 meter centrifuge) 


due to size or 


Allows ease of detachability for possible return to Earth 
units) 


(e.g., materials production 


Provides incentive to the private sector for participation by 
interface and attach mechanism to the Space Station 


providing a standard 


Pocket lab type concepts are already being proposed 
Station elements by several companies 


as commercial provided Space 


*• Spacehab module 
•• Industrial Space Facility 
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SPACE STATION GROWTH REQUIREMENTS - PRESSURIZED MODULES 
CONTINUED 


This Page Intentionally Left Blank 


30 


PRECEDING PAGE BLANK NOT FILMED 


SPACE STATION GROWTH REQUIREMENTS 
PRESSURIZED MODULES 
CONTINUED 


Two major factors in limiting the flexibility of the module growth pattern are the 

planned location of the lower starboard keel and the payload servicing bay on the 
transverse boom 


• In the absence of the Payload Servicing Bay, module growth could extend in the -Y 
direction 

*• Greater Space Station center of gravity control flexibility 

’* More modules along transverse boom allowing ease of MSC and utilities access 
and lower structural loads 

• The addition of the lower starboard keel (as defined in the IOC configuration) limits module 
growth along the transverse boom in the +Y direction 


31 

RUNk 






SPACE STATION GROWTH REQUIREMENTS - PRESSURIZED MODULES 
CONTINUED 


The issue of reduced clearance between the modules in the Phase 1 configuration and any growth modules due to the 
extended node design (shown on this chart) was discussed at the IWS. Apparently, the 2 meter clearance between modules is a 
requirement driven by the desire to allow access by an EVA crew person between modules for Inspection and repair tasks. The 1 
meter clearance produced by berthing the extended side of a growth node to the non-extended side of an existing node is likely to 
be unacceptable. 

As a result of this discussion, a preliminary examination of solutions to this problem was made. These alternatives are 
described on the next chart. 
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SPACE STATION GROWTH REQUIREMENTS 
PRESSURIZED MODULES 
CONTINUED 


The offset location of the berthing port In the current extended node deslan will result in 

C 'T a T be,ween Phase 1 modules a " d growth moSufes Growth mSs will be 
limited to mating the extended side of the node to the non-extended side of the existino node 

modules approximately two meters to one meter 


Extended side to 
extended side 


Non-extended side 
to extended side 


Non-extended 
side to 

non-extended 
side 
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SPACE STATION GROWTH REQUIREMENTS 
PRESSURIZED MODULES 
CONTINUED 
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The use of resource nodes between existing and growth modules to provide 
clearance will result in a limitation of one growth module along the transverse 
boom in the starboard direction. Relocation of the payload servicing bay will 
allow an additional growth module along the transverse boom in the port direction 


• Alternatives for providing additional clearance 
between Phase 1 and growth modules: 

•• Resource nodes as spacers (shown on diagram) 

- Existing Station element 

- Provides additional berthing ports 

- "Overkill" solution; more clearance than 
needed and costly 

** Modified "symmetric" resource node design 

- Fixed clearance between all modules 

- Additional node volume for experiments 

- Common node orientation 

- Possibly unacceptable impact to assembly 
sequence (packaging volume and mass) 

- Increased Phase 1 cost 

•• Tunnels or other simple spacing hardware 

- Low cost; no Phase 1 cost impact 

* New station element 

- Reduced commonality 

* 'Wasted' space 

•• Use of pocket lab or spacehab as spacers 

- Possible commercial initiative 

* Provides useful volume and well as 
functioning as a spacer 

- Possibly higher cost solution, but not Phase 


t IS m 


BfaNjoard 

Kekl 

3 




Payload Servicing 
Bay Envelope 

(Transverse Boom Location ) 



Spacer Nodes 
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SPACE STATION GROWTH REQUIREMENTS 

LOGISTICS 


STS 

ELVs will require an ELV 21,, !? I as EL v ^ompatible. Extensive use of 

Station-, o-Ear, h return L ch Zfl ble preSSUrized module and an alternate 


' Sa,r s e 9r0W,h °' ,he Space Stati °" «» NSTS only Is uniiKe.y due to High, rate 

growth 9 |lems r eq u i ^ n g oi n g Tog j ° ," c ° ' ELVS ' S ,0r ,he de,iver y o( growth items, these 
equ.re ongoing logist.c support which may be provided by ELVs as well 

' carriers proves several Pe„e„,s 

dependency o'n the Spa'ce Shmtie 9 ' " SyS ' em by n °' P ' aci "9 “>**' 

" T .ra e n S sp a o d r V , a ahon e riSi " 9 in,ereS ' in a mixed ,lee < approach to space 

" T re9Uired *"«" carriers in 

supporting a Space siat on ut ihrlu™ P P !" an ' Carrler ni 9 h,s P« year tor 
research) utilization emphasis on observational sciences 

logishcs^apaclty^^ Space Station due to the use o, ELVs in a 
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SPACE STATION GROWTH REQUIREMENTS - LOGISTICS 
CONTINUED 


The next Iwo graphs show the number ot logistics carriers which must be transported to the Space i d 

support ofTe various utilization emphases as a function of to.ai annuai lift. The firsf graph shows these vaiues tor the pressur.zed 

and unpressurized logistics carriers. 

Logistics requirements were categorized according to the lour carrier classes (pressurized, unpressurized, fluids, and 

propellant) and approximate carrier mass overhead’ was calculated by multiplying * ‘^IfTn^tVla^ca r^iermts^e s we re then 

corresponding carrier mass fraction (empty carrier weight/camer payload capability), jheresu g , , (j |d 

divided by the mass o. each type ot carrier to give the total number of carriers. For mst. *9 P«“C.nzed ^.cs wjld 

require approximately 52,000 kg of pressurized carrier mass (based on 52 nor a Lalion of carriers 

5,199 kg per pressurized carrier, 10 pressurized carriers would be needed. Neither packaging of log s c 
to launch vehicles In the transportation models were considered in calculating the required numbe g 

„ is important to note that the number of carriers required each year shown in the graph is (he number needed to support of 
all Space Station activities, not just the requirements of the emphasized discipline. 

The shaded area above the X axis shows the corresponding range of lilt lor various combinations of NSTS a nd ELVs. The 
purpose oUhis section is twofold. First, i, provides some perspective to the values on the ^ 

capability tor the shuttle or other vehicles memorized. Second, it can be used to get a ro “ 0h '** Th ranaes are 

tog P ist.cs y carriers needed each year as a result of supporting the Space modeL useZThe 

meant to lend perspective to the X-axis values and do not necessarily correspond to the transportation models used 

analyses. 

The data points correspond to the average number o. carriers per year following completion 
scenarios The shaded region represents the lull envelope ot likely lilt and yearly carriers required or Spac i Stahon. 

mass fraction and carrier mass in particular. 
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SPACE STATION GROWTH REQUIREMENTS 

LOGISTICS 

CONTINUED 

Logistics Flight R ate - Pressurized & Unpressurized Carriers 



Space Station Utilization 


Emphasis 

□ 

Microgravity Research & 
Materials Production 

o 

Life Sciences 

A 

Observational Sciences 



* Assumes an 8 ft carrier; use of the 16 ft carrier would 
reduce the number of carrier deliveries accordingly 


Ranges of lift capability 
based on various 
combinations of 
launch vehicles 


5 + 1 


5+1 |4 

5 r* — NSTS* Only Range 
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* Based on enhanced OV-103 with lift 
capability of 22,268 kg 
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SPACE STATION GROWTH REQUIREMENTS - LOGISTICS 
CONTINUED 


This graph shows the number of fluids and propellant carriers required each year as a function of Space Station utilization 
emphasis and level of transportation support. 

Propellant requirements are for OMV operations. The OMV is assumed to be based at the Space Station. The characteristics 
of a propellant carrier for OMV refueling are assumed to be similar to the earlier Space Station propellant carrier concepts for a 
combination hydrazine, nitrogen tetraoxide, and monomethal hydrazine carrier. 

Logistics requirements were categorized according to the four carrier classes (pressurized, unpressurized, fluids, and 
propellant) and approximate carrier mass 'overhead* was calculated by multiplying the logistics mass In each category by a 
corresponding carrier mass fraction (empty carrier weight/carrier payload capability). The resulting total carrier masses were then 
divided by the mass of each type of carrier to give the total number of carriers. For Instance, 100,000 kg pressurized logistics would 
require approximately 52,000 kg of pressurized carrier mass (based on 52% mass fraction of this type of carrier) and at a mass of 
5,199 kg per pressurized carrier, 10 pressurized carriers would be needed. 

H is important to note that the number of carriers required each year Is in support of all Space Station activities, not just the 
requirements of the emphasized discipline. 

The shaded area above the X axis shows the corresponding range of lift for various combinations of NSTS and ELVs. The 
purpose of this section is twofold. First, it provides some perspective to the values on the X-axis since few people have the lift 
capability for the shuttle or other vehicles memorized. Second, it can be used to get a rough feel for the potential number of 
logistics carriers needed each year as a result of supporting the Space Station with a particular vehicle mix. These ranges are 
meant to add lend perspective to the X-axis values and do not necessarily correspond to the transportation models used in the 
analyses. 

The data points correspond to the average number of carriers per year following completion of growth for the various growth 
scenarios. The shaded region represents the full envelope of likely lift and yearly carriers required for the growth Space Station. 
The number of specific growth paths analyzed is sufficient to allow interpolation to cases not specifically covered. For example, 
varying the Space Station utilization emphasis between life sciences and materials production will result in power requirements 
between the lines for Microgravity Research and Materials Production and Life Sciences. Also, carrier requirements for any level of 
likely transportation support may be approximated. This data is highly dependant upon the specific carrier design characteristics; 
mass fraction and carrier mass in particular. 
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Ranges of lift capability 
based on various 
combinations of 
launch vehicles 
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The Phase 1 configuration provides limited capability for accommodating external attached 
payloads 


• The current plan for a total of 5 external payload attach points on the Phase 1 configuration (on the 
transverse boom) is insufficient for meeting the needs of even the missions in the Level 2 Trial 
Payload Manifest (those missions brought to the Space Station during the assembly timeframe) 


Trial Payload Manifest Payload Number Attach Points Required 

Cosmic Dust Collection (SAAX1 1 2) 1 

Spacecraft Materials & Coatings (TDMX201 1) 1 

Solar Terrestrial Solar Instrument Group (SAAX207) 1 (cps) 

Cosmic Ray Nuclei Experiment (SAAX001) 1 

Large Format Camera (COMM1015) < i 


• Limited real estate on the Earth pointing side of the transverse boom and viewing restrictions 
caused by the pressurized modules severely constrains the ability to accommodate Earth pointing 
payloads. Module growth will further decrease possible attach locations for these payloads 


The addition of resource nodes to the aft end of aft growth modules using the mobile 
Servicing Center (MSC) will require additional truss structure projecting aft of the transverse 
boom (a "back porch"), and plane change capability for the MSC 
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SPACE STATION GROWTH REQUIREMENTS - ATTACH POINTS & TRUSS STRUCTURE 
CONTINUED 


This chart shows the attach point requirements for three growth scenarios in which the level of lift support to the Space Station 
differs but the utilization emphasis on observational science type payloads is common. Because of the strong emphasis on attached 
payloads, this graph represents a "worst case" attach point requirement profile. 

The three lines correspond to the three transportation models used in the growth scenario analyses. Moderate ELV support 
includes 1 Shuttle*C type vehicle per year plus a small international contribution. Extensive ELV support includes 2 Shuttle-C type 
flights per year and higher international contributions. Details of ELV support and assumptions regarding NSTS enhancements are 
given in the approach section of this document. 

Attach point requirements include all mission types but are predominately observational science and technology development 
in nature. 
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STUDY APPROACH - GROWTH ANALYSIS APPROACH 


The approach to these analyses involved two major steps 

The first step was to develop a realistic mission model. This process included gathering data from a number of documents 
as well as discussion with principal investigators and attendance of various Space Station users meetings and conferences. A 
Phase 1 mission set was developed with inputs from the NASA Level II Trial Payload Manifest (November 1987 version) and 
considering physical limitations within the Phase 1 pressurized modules. Knowledge of the program status for potential missions 
was also used to refine a likely set of missions that may be present at Phase 1. 

The number of potential growth missions was so large that it was obvious that an attempt to accommodate all of them was 
unrealistic. Instead, three possible discipline emphases were projected for the Space Station, and the growth missions were 
grouped into unique growth mission sets. A multidisciplinary flavor was maintained in all of the growth mission sets however, as 
was described earlier in the discussion of the Experiment Mission Set. 

The second step involved the actual projection of Space Station growth from a systems analysis level. A primary feature of 
the approach was the constraining of growth by a projected level of annual lift support to the Space Station. For this reason 
several transportation models were developed to encompass a range of possibile support levels, from minimal support (5 NSTS/yr 
only for the entire station lifetime) to aggressive support including the use of large ELVs. Significant effort was put into defining 
and/or verifying such data as housekeeping power requirements for Phase 1 and growth, capabilities of the Phase 1 configuration, 
crew & station support logistics requirements for Phase 1 and growth, and logistics carrier characteristics. All of this effort was 
made in an attempt to achieve the most realistic growth scenarios for the Space Station. 

The final step was the actual growth analysis for ten different scenarios. This involved a year by year balancing of Space 
Station resources and resource requirements in an effort to accommodate existing missions, new missions, and growth where 
necessary and possible within transportation constraints. 
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STUDY APPROACH 
KEY ASSUMPTIONS 


• Point of Departure: 

The Phase 1 Configuration as defined in the Level II Engineering Data Book 

• Constrained Station Resources: 

•• Launch Mass 
*• Power 
•• Crew Time 

•• Internal Pressurized Volume 
•• External Attach Points 

• Station return mass requirements are tracked but not constrained 

• Lift requirements (pressurized, unpressurized, fluids, and propellant) are tracked for 

•• Crew and station logistics 
•• Mission requirements 

•* OMV propellant for retrieving ELV delivered station payload 

•• OMV propellant for retrieving co-orbiting spacecraft for on-station servicing 

•• OMV propellant for insitu servicing of geostationary spacecraft 

•• Carrier requirements for all the above 

•• Growth elements with attach fittings 

• Distinction between carrier requirements for ELV and NSTS is not made. Allocation of lift 
requirements between ELVs and NSTS is examined but not constrained 
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STUDY APPROACH 
EXPERIMENT MISSION SET 


Data sources for mission resource requirements 

•• Primary source of data is the Mission Requirements Data Base (MRBD) 

•• Detailed resource requirements for microgravity research missions (COMM1201) was derived from 
information in the Microgravity Materials Processing Facility (MMPF) Data Base 
•• Detailed resource requirements lor life sciences missions (SAAX307 and SAAX307A) was derived 

from information in the Reference Mission Operational Analysis Document (RMOAD) for the Life 
Science Research Facilities. 

•• Additional inputs received directly from the principal investigators were used when available 


• Phase 1 mission set 

•• Assumed to be on station at completion of Phase 1 
•* •• Incorporates data from the NASA/Level 2 Trial Payload Manifest 

" '" cludes MRDB missions showing equipment up in 1992 and favors missions with operational or 
funded STATUS entries, while limited by resource availability (primarily internal volume) 


• Evolution Mission Model (EMM) 

•• Joint definition between MDAC and LaRC 

** Composed of all MRDB missions meeting the following criteria: 

- Core station missions only 

- Reasonably complete MRDB data entries 

- Unique missions (obvious duplication of mission goals was eliminated except in the case of 

some international missions which duplicate the goals of U.S. missions) 


• Missions are divided into six categories: 

•• Industrial Services 
•• International 
•• Life Sciences 


•• Microgravity Research & Materials Production 
•• Observational Science 
•• Technology Development 
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STUDY APPROACH 
EXPERIMENT MISSION SET 
CONTINUED 




Mission Type 
Industrial Services 

International 

Lite Sciences 


Microgravity Research & 
Materials Production 


Observational Science 


Technology Development 


Missions in Global Growth Mission Set 
All industrial services missions 

All international missions 

Missions directed to understanding the 
the effects of microgravity on living 
organisms (e g., Life Sciences Lab #1) 


Baste ieg research such as COMM1201 
(US Materials Laboratory) 


Servicing of the Great Observatories, 
and the portion of the Solar Terrestrial 
Observatory not accommodated at 
Phase 1 


General technology missions dedicated 
to improving our ability to work effectively 
in space 


E'hpha s i s Specific Grow th Mi ssion s 
No emphasis unique missions 

No emphasis unique missions 

Advanced life sciences research oriented 
toward major human exploration initiatives 
including missions such as CELSS, the 
vivarium, and a 4m variable-g centrifuge 

Commercial production missions such as 
EOS, ECG, and biological production units 
and advanced research (US Mat Lab #2) 

Assembly, deploy and servicing of obser- 
vational platforms, tethered observational 
missions on the core station, and operation 
and servicing of many smaller Instruments 
such as the planetary infrared telescope 

Additional technology missions related 
directly to one of the three emphases above 
will be included in the corresponding emphasis 
specific growth mission set 
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STUDY APPROACH 
EXPERIMENT MISSION SET 
CONTINUED 

Missions on Space Station at Completion of Phase 1 


* Partial outfitting In p-g utilization emphasis to allow additional p-g facilities; 

complete outfitting at Phase 1 for other emphases 
** Phase 1 mission for p-g utilization emphasis only, growth mission otherwise 


Mission Type 

Mission 

Name 

1 *■( hnolnny 

TDMX2P 1 1 

SC M it A Onal'nqs 

Development 

T DM X 20 7 1 

Flight Dynamics Identification 


TDMX2072 

S/C Strain Sensor 


7DMX2262 

Manned Observations Techniques 


IDMX2421 

Active Optic Technology 


TDMX2442 

Transient Upset Phenomena in VLSI 


TDMX2443 

VUXtC Fault Tolerant Processor 


TDMX2461 

Teleopernted Assembly 


TDMX2462 

Dextrous Teleoperalor Technology 


TDMX2521 

Acoustics Control Technology 


TDMX2532 

Medical Experiments Technology 


I DMX2564 

Coatings Maintenance Technology 

International 

C-001 

RFt 


C-003A 

Adv Comm A Data Handling Sys - A 


i ooi 

Biology A Medicine 


! 002 

Space Medicine 


L 003 

CELSS 


1 004 

Biotechnology 


LIF111 

Gen Purp "LIE" Research Facility 


M 001 

Material Science Experiment 


M 002 

Space Processing for Advanced Mat 


MAT 1 10 

Materials Science Research Lab 


S 003 

High Energy Cosmic Rays 


S 004 

Cosmic Gamma Ray Bursts 


SAAX4002 

POLCATS 


SAAX4003 

Life Sciences 1 aboratory 


7-001 

Space Environment Test 


T 005A 

Space Robotics Step 1 


TDMX4001 

Materials Laboratory 


TDMX4004 

Solar Cells 


Mission Type 

Mission 

Name 

1 ile Sr tenr e 

SAA « VV 

| !*l< ‘ .( l.'Mf no, | ,,P (*-|)h«- pi ) 


S A AX 30 7 A 

1 RM Diameter Var-q Centrifuge 


SAAX308 

Gas/Grain Simulation f acilitiy 

Microq Res A Mat 

COMM 1 20 1 

US 1 aboratory (subset) 

Prod 

COMM 1 230 

Automatic Vapor Crystal Growth 


COMM 1231 

Acoustic Levitator 


COMM 1232 

Alloy Solidification 


COMM 123 7 

Hodgeman. 1 arge (BCGI ) 


COMM 1238 

Budgeman, Small 


COMM 1244 

Electrostatic levitator (ELF) 


COMM 1240 

Protein Crystal Growth 


COMM 1248 

FM Levitator (F ML ) 


COMM 124 7" 

f loat Zone Crystal Growth (FZCG) 


COMM 1248“ 

Fluid Physics Facility (FPF ) 


COMM 1250 

r C G LT lor Company 1245F 


COMM 1251 

Isoelectric Focusing (IT T ) 


COMM 1 254 ** 

Optical F iber Pullinq 


COMM 1255 

Orqanic * Polymer Crystal Growth 


COMM 125 7 

Protein Crytal Growth Faciltiy 


COMM 1260 

Advanced l evitation Units 


COMM 1261 

Solution Crystal Faciltiy (SCF ) 


COMM 1262“ 

Vapor Crytal F acilhy (V('T ) 


COMM 1 266 70 

Advanced Directional Solidification 


COMM 1275 77“ 

High Temp Gen Purpose Furnace 

Observational 

COMM 10 15 

Large Format Camera 

Sc'ences 

SAAX001 

Cosmic FTay Nuclei Experiment 


SAAX112 

Cosmic Dust Collection Expt 


S A AX 20 7 

Solar Terrest"al r )hseryafnry 


SAAX207A 

ACRIM 


SAAX207B 

Soft X Ray Telescope (SXRT) 


SAAX207C 

HRTS 


SAAX207D 

White Light Coronagraph (WLC) 


SAAX207E 

SUSIM 


SAAX207K 

UV Coronagmph-Spectrometer UV 
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EXPERIMENT MISSION SET 

Glob aLCprowth^issi o n Set 
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Mission T ype 

Mission 

Name 

Industrial Services 

COMM 1014 

Remote Sensing Test Rev X Venf 


COMM 1020 

C ommerrial B AR 


f ■( 'MM 1 1 10 

1 .e.u Sat 1 net Rnpl ') f t- mil 


COMM1 ns 

Class HI Comm Sal Delivery 


COMM1 1 IB 

Class II Comm Sat Delivery 


COMM 1 1 1 7 

Class 1 Comm Sat Delivery 


Comm 1 1 24 

Goo Satellite Servicing Remo 


COMM1 125 

Class 111 Comm Sat Bpfvirinq 


COMM 1 126 

Class || Comm Sat Servicing 


COMM 1307 

Industrial Space Facility ( ISF ) 


COMM 1306 

Industrial Space T anlity(ISr) 


COMM 1310 

Spacehab Hardware Prototype | nb 


COMMIT 1 1 

Spacehnb 1 nqistirs Module 


SAAX503 

M SAT B 


SAAX504 

M SAT C 

Interna* to nal 

111111 

f *o and Radiation fho'nqy [lev 


i mi? 

production Pm processinq auto 


COM M4 000 

Materials Processing Laboratory 


M 003 

Commercial Space Processing Test 


Mai 1 20 

Materials Processing fjevelopment 


mat no 

Automated Materials Processinq 


L 003 

Observalions of tipper Atmosphere 


r oo s 

DPS for Forth Observation 


F OOB 

Forth Observation Facility 


S 001 

Astronomical Platform 


0 00? 

Infrared Telescope in Spice 


S 005 

Line Gamma Detection 


S OOB 

X Ray Astronomy Observatory 


S 00 7 

Gravitational Wave Detector 


S onfi 

Space VI B! 


S 009 

Solar Activity Monitor 


S 010 

Submillimeter Telescope 


SAAX4000 

High Frequency Sounder System 


SAAX4004 

Long Base Line Array 


SAAX4005 

WISP 


SPA801 

Far Infrared/Submm Space Tel 


Mission Type 

Mission 

3_VJ 

Name 

International (coni) 

TDMX4002 

Sensor (stalion) 


C 002 

Large Communication 


0 omfuc 

Adv Comm X Plata Handling Sys 


C 004 

Grav Stabild Deployable Ant le*t 


C 005 

TD of Large Geo Satellite 


F 002ASR 

Test of Sensor Technologies 


T 002 AftB 

Large Antenna Sys Technology 


T 004 

Space Energy Experiment 


T 005B&C 

Space Robotics 


T 006 

Platform System Technology 


TOS235 

Robotic Servicing Experiment 


TOS236 

Fluid Transfer Management 

! ife Sciences 

SAAX307 

l Ife Sciences Lab (subset) 


SAAX1 10 

Mars Sample Return Mission 


SAAX111 

Comet Nucleus Sample Relurn 


SAAX1 17 

Sample Quarantine Facility 

Micron Res K Mat Prod COMM 1 20 1 

US Laboratory (subset) 


COMM 1233 

Atmospheric Microphysics Facility 


COMM 1234 

Autoignition Furnace Facil 


COMM1235 

Automatic Sol'n Crystal Growth 


COMM1236 

Bioreactor/Incubator (BIF) 


COMM1240 

Con Flow Electorphoresis (CFEP) 


COMM1241 

Critical Point Phenomena (CPPF) 


COMM1242 

Droplet/Spray Burning Facility 


COMM 1243 

Electroepitaxy Facility 


COMM 1 249 

Free Floal Facility 


COMM 1252 

Latex Reactor (l Ft) 


COMM1253 

Membrane Production (MP) 


COMM 1 256 

Premixed Gas Combustion Facility 


COMM 1256 

Rotating Spherical Cnnv (RSCF) 


COMM 1259 

Solid Surface Burning Facility 


COMM 1263 

Var Flow Shell Generator (VFSG) 


COMM1 275-77 

High Temp General Purpose Furnac 


COMM1 280 81 

Catalytic Research Units 


COMM 1285 

Metal Alloy Separation Units 


COMM1 290-92 

Thin Film Deposition Units 
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STUDY APPROACH 
EXPERIMENT MISSION SET 
CONTINUED 


Mission Type 

Mission 

I i a m « 

Observational 

Science SAAX004A 
SAAX012 
0 A A X ° i 7 A 

SIM IF Servicing 

Hubble Spam Telescope Servicing 

A VAT 


SAAX020 

SAAX021 

SAAX027 

SAAX030 

! a r q e F'epioyabln Hofior tor 
Superconducting Magnet Facility 
Fxpfrjrer 1 Servicing 
1 1'* ('Inker t 


SAAX207 

SAAX207F 

Solar Terrestrial Observatory (subset) 
SE P AC 


SAAX207G 

WISP 


SAAX207H 

FFPPP 


SAAX207I 

C 'AAX207J 

SAAX2S0 

SAAX2S1 

Tethered Satellite System 
Recoverable PRP (ftPDP) 
Hitchhiker 4 F arth Radiation 
Tropical Rainfall Mappino Mssn 


Mission Rpt 


Development 


S A AX 501 
SAAXS02 
I DMX2021 

f DMx2022 

TDMX2023 

TDMX2024 

TDMX20E1 

ID MX 2062 

TDMX20E3 

TDMX20M 

TDMX2071 

TDMX2072 

TDMX2073 

TDMX211 1 

T DMX? 1 2 1 

TDMX2122 

TDMX2132 

7DMX2152 

TDMX2153 

TDMX221 1 


IMS 

f *P r, nmental Gen Platform 
Spare Based Antenna I nrj Rnnqe 
M in Machine Mix Investigations 
growth o( Comp Semicond Crystal* 
Growth of Thin Single Crys Water 
F'pe'rophorp'-.i 1 ', Separation Tech 
I arqe Spare Structures 
Spare Station Modifications 
On Or hit Spacecraft Assy/test 
Advanced Antenna Assy/Perform 
I light Dynamics Identification 
S C Str am Sensor 
Adv Struct Dyn 'Control 
f 'rr.rM^y [ ,-,'ge Solar Cnrv ontra'or 
l°st Solar Pumped I asers 
Laser to electric Conversion 
Advanced Radiator Concepts 
Large Space Power Systems Tech 
Solar Dynamic Power Tests 
Multi -fin Space Antenna Rng Test 


Mission Type 

Mission 

I ethnology 

TDMX2212 

Development 

TDMX2221 

(r miM 

IDMX2223 
TDMX2224 
1DMX2266 
TDMX2267 
TDMX231 t 
TDMX2321 
TDMX2322 
1DMX241 1 
IDMX2412 
TDMX 2413 

o O 

T| X 

TDMX2421 

T OMX2422 

T3 — 

TDMX2431 

o z 

TDMX2433 

° > 
x r* 

TDMX2441 

TDMX2461 

<o 5 

TDMX246? 


I DMX2463 

n m 

TDMX2464 

H — 
-< C/5 

TDMX2471 

TDMX2472 

I0MX24 73 

TDMX251 1 

TDMX251 2 

IDMX2531 

TDMX2541 

I DMX2542 

TDMX2543 

TDMX2544 

TDMX2561 

TDMX2562 

TDMX2565 


TDMX2572 


Name 

Mult Antenna Beam Patterns 
Laser Comm & Tracking Develop 
Marnir Precision Time Cnneral'm 
Space based Optical DSN Terminal 
S 7 C Optical Range Determination 
Optical Spatial Tracking S/C 
l ong term Cryogenic Fluid Storage 
I ow Acceleration Propulsion Tech 
Laser Propulsion 
Advanced Adaptive Control 
Distributed Control Experiment 
Dynamic Disturbance Experiment 
Active Optic Technology 
thermal Shape Control 
Advanced Control Device Tech 
Dynamic Stabilization EF Robot 
Microelectronic Data Syst Expt 
Teleoperated Assem 
Dextrous Teleoperator Technology 
Autonomous Robotic Maint Demo 
Autonomous Servicing Robot 
Human/Machine Interface Workload 
Advanced Automation Technology 
Adv Robotic Wrksta lech Demo 
Space Power System Environ Int 
High Voltage in Spare Plasma 
Surgery Technolgoy Development 
Tethered Electrodynamic Power Gn 
Tethered Constellation 
Tethered Transportation 
Tethered f luid Storage''! ransfer 
Satellite Servicing and Refurb 
Satellite Maintenance and Repair 
Thermal Interlace Technology 
Cryo Prop Transfer/Stor/Rehq 
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STUDY APPROACH 
EXPERIMENT MISSION SET 
CONTINUED 


Emphasis Unique Growth Misslon Sets 


Microqravitv Research Emphasis 

Mission 

t lame 


COMM 1204 

Micrograv X Material Process T ac (Mat I ab 2) 


COMM 1206 

Bioloqical Production Units 


6AAX402 

|i q Variable G F k>p F i^ or 


TDMX2432 

Pointinq anrl Isolation (Wires 


Tf) MX 25 63 

Materials Ftesupply 


Microgravity Research & Materials Production EmDhasis 

Mission 

Name 


COMM 1202 

F OS Production Units 


COMM 1203 

F (‘.(5 Production Units 


COMM 1204 

Micrograv & Material Process F ac (Mat 1 ab 2) 


COMM 1205 

1 CG Production Mni(c 


COMM 1 206 

Biological Production 1 Iruts 


COMM1208 

Crystal Production Mm's 


COMM 1213 

Containerless Process Prod 1 Iruto 


SAAX402 

p q Variable G P ree Oyer 


TDMX2432 

F’ointinq and Isolation Devices 


TDMX2563 

Materials Resupply 


Life Sciences Emphasis 

Mission 

Name 


6AAX302 

Plant X Animal Vivauum X | ab 


SAAX303 

Human Research rachty 


SAAX304 

CFI.SS Experimental Systems 


SAAX305 

Dedicated CFLSS Module 


SAAXTQK 

(IF 1 66 Pallet 


? AAX3 1 1 

4M Diameter Var G Contiifuqe 


COMM 1309 

Orbital Transfer Vehicle 


TDMX25 7 1 

OTV/Payload Interfacing/Transfer 


I DMX2573 

OFV Docking and Berlhinq 


TDMX2574 

OTV Maintenance Technology 



Obs ervati o nal Science E mp basis 


Mission 

SAAXOIO 

SAAX010A 

SAAX01 I 

SAAX01 1 A 

SAAX020 

SAAX021 

SAAXQ28 

SAAX029 

SAAX031 

SAAX032 

SAAX1 13 

SAAX114 

SAAX1 15 

SAAX1 1 6 

SAAX201 

SAAX221 

SAAX222 

SAAX223 

SAAX22R 

SAAX22 7 

SAAX309 

SAAX501 

COMM 1309 

TDMX2261 

TDMX2263 

1 DMX2264 

TDMX2265 

TDMX2431 

TDMX2571 

TDMX2573 

TDMX2574 


Name 

ASO/HRSO Mission 
ASOTIRSO Servicing 
ASO 'POP Mission 
ASO/POr Servicing 
Large Deployable Reflector 
Superconducting Maqnel F acility 
Explorer 2 Servicing 
Explorer 3 Servicing 
Space Station Hitchhiker 2 
Space Station Hitchhiker 3 
Planetary Multispectral Telescope 
Planetary Infrared Telescope 
Astrometric Telescope Facility 
Planetary Science Expt Module 
I tdar Facility 

Large Microwave Antenna 
Infrared Sounding 
Large Imager 

Solar Terres Geo Platform Fxpt 
Plasma Processes Lab 
SE T I Gpo Ant enna Mission 
Experimental Geo Platform fXGP) 
Orbital Transfer Vehicle 
Sensor Systems Technology Expt 
C02 Doppler Lidar Wind Sensor 
Microwave Remote Sensing 
Satellite Doppler Meteorol Radar 
Pointing and Isolation Devices 
OTV/Payload Interfacing/Transfer 
OTV Docking and Berthing 
OTV Maintenance Technology 
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STUDY APPROACH 

MISSION REQUIREMENTS 

Microqravity Research Missions 


• Requirements for a microgravity research facility were derived from the Microgravity and Materials 
Processing Facility (MMPF) Study Data Releasef 

** Fully outfitted laboratory consists of 30 facilities which represent 47 missions in the MRDB 

” Resource requirements for these facilities is highly dependent upon equipment utilization 
assumptions. 100% equipment utilization (all facilities operating all the time) is not a practical 
assumption 

•• MMPF provides data on reasonable equipment utilization (run duration and frequency) and 
corresponding resource requirements 

• The Phase 1 configuration does not provide sufficient pressurized volume to fully outfit the microgravity 
and materials processing lab while allowing research in other areas 

’* Resource requirements for the fully outfitted laboratory are based on the global mission set analysis 
in the MMPF y 

“ Resource levels for partial configurations of the laboratory are determined by scaling down the 
global mission set requirements based on maximum power/ minimum run duration utilization of 
existing facilities 

• Facilities present at Phase 1 are based on the Level II Trial Payload Manifest, and the NASA Code EM 
developed subset of 20 missions out of the 30 MMPF facilities 

• The second materials laboratory is assumed to be a duplicate of the first in terms of resource requirements 


t Contract No. NAS8-36122, Teiedyne Brown Engineering and Boeing Aerospace Co., February 2, 1987 
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STUDY APPROACH 
MISSION REQUIREMENTS 
CONTINUED 

Life Sciences Missions 

Resource requirements for the General Life Sciences Lab (SAAX307) and 1.8 M centrifuge (SAAX307A) 
were based on data from the Reference Mission Operational Analysis Document (RMOAD) for the Lile 
Science Research Facilities. 

.. The RMOAD breaks the outfitting of the lab into 5 phases 

.. Where necessary, partially outfitted configurations were developed by accommodated a subse 
of the full 5 outfitting phases 

• The diagram below shows the desired evolution of the life sciences research facilities. Shaded 
regions 9 represent missions in the life sciences emphasis mission set only. For other emphases, 
SAAX307 is assumed to continue indefinately 


L 


Facilities Evolution Scheme 
for Life Sciences Research 


1 


[ Sample Quarantine Facility - SAAX117 


CELSS Pallet Systems - SAAX306 


CELSS Systems Lab - SAAX304 


Dedicated DELSS Module - SAAX305 


CELSS Systems - SAAX304 

Plant & Animal Vivarium - SAAX302 


Facilities 

Time 


J 

General Life Science 
Lab - SAAX307 

Human Life Science Lab - SAAX303 




4 Meter Variable Gravity Centrifuge - SAAX311 



Gas Grain Simulator Facility - SAAX308 

— 
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STUDY APPROACH 
MISSION REQUIREMENTS 
CONTINUED 

O bservational Science & Technology Development Mission s 

• Mission specifications for the Great Observatories (HST, AXAF, and SIRTF) were derived from the 
Customer Servicing Requirements Data Book (JSC 30222, March 15, 1986) 

•• Mass 

•• Operational orbit 
•• Servicing interval 
•• Expected lifetime 


• Launch date for the Great Observatories is based on the October 1987 Payload Fliqht Assignments 
NASA Mixed Fleet 

•• GRO not included because end-of-life reached prior to Phase 1 completion based on launch 
date and expected life 

•• HST and SIRTF assumed to be operational at Phase 1 

• Requirements for numerous MRDB missions involving observational geostationary platform 
experiments were synthesized into one mission 

'• Designed to represent generic geostationary platform with experiments being serviced and 
changed out periodically 

•• Initial platform construction and deployment based on the experimental geostationary Dlatform 
mission (SAAX502) 

*• Encompasses the following MRDB missions: Large Microwave Antenna, Infrared Sounding, 
Large Imager, STO Geo Platform Experiment, and the SETI Geo-Antenna Mission 

•• All servicing and experiment changeout assumed in-situ 

• Tether technology development mission requirements were synthesized into one tether technology 
and application mission 

• Technology development mission requirements were synthesized when shared equipment or a fixed 
sequence of accommodation was specified 
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STUDY APPROACH 
TRANSPORTATION MODEL 


• Growth scenarios were developed by using a predefined level of earth-lo-orbil transportation 
(frequency and type of launch vehicle) and then determining the growth and mission 
accommodations that this level of lift would support 

Three levels of transportation support were considered 

•• NSTS Only - at a frequency of 5 per year representing the minimum level of support 

" M E °LVs a aTe added S ^ ^ Un ' M S ' a,i ° n ° pera,in9 year 3 when 1 Shuttle-C and international 

5 NS l S a 1 d 3 m ' X ol ELVs each year ^creasing to 8 NSTS and including 
bhuttle-C in year 3 and increasing again in year 5 with more international support 

^ranlniT| SPOr,ali0n models are desi 3 n ed to encompass the full range of possible levels of 
resource SjuireKevJ? S ' a,i ° n ^ *° de ' ermi " e ' he maximum and 


SUM 
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STUDY APPROACH - TRANSPORTATION MODEL 
CONTINUED 


This chart shows the lift capability for all the launch vehicles used in this analysis. Launch capabilities for the ELVs are based 
on data in the document "Transportation Options and Space Station Evolution Study", Teledyne Brown Engineering, Dec 1, 1987. 


The lift capability for the LISTS used in this study assumes the implementation of a certain number of ascent performance 
enhancements by the Phase 1 time frame, A full set of possible enhancements, based on data in a presentation from the 


engineering directorate of NASAJSC, is shown below. In order to be progressive in our projections and at the same time somewhat 
conservative. 50% of the enhancements below which are marked in bold where incorporated into the NSTS launch capability for this 
study. 


Enhancement 


Payload Increase 


Required Action 


Advanced SRM 

i^QQQLbs: 

InsulatorT iner 

TOO 

No77te/Bearing 

1000 

Hf PR Propellant 

2800 

Case Material 

2300 

Case Diameter 

2000 

Thrust Profile/Mends Up 

4000 

Other Vehicle Mods 

+6.600 Lbs 

109% SSME 

5000 

No SRR Recovery 

1600 

Loads/Flutter Constraints 

+ L5QQ Lbs. 

q from 790 lo 819 PSf 

1000 

q alpha from 3500 lo 3000 PSf 

Deg 500 


Tra nsatlantic Abort Landing II AL) 1 1 .500 Lbs 



Study and authorization 


Cosf/benefit assessment 
SSME A certification 


Complete flutler/aero detailed test objectives 
(additional instnimenlalion) 
and 6 0 loads cycle 

Risk Assessment 

Flight data reduction 
Coordination 


' itemized values shown add up 1c 12.500 this inconsistency was piesent in the referenced presentation 


72 



STUDY APPROACH 
TRANSPORTATION MODEL 
CONTINUED 


Lill 

Capability 

(Kg) 


70 


60 


50 


40 


30 


20 


10 




NSTS Ascent Performance 
Enhancements* 


OV-102, 

OV104 


OV103 


.. V S ’ 4 . 

- <' ' , ~ , ' ; ' 

: v \\ ; 


i$f- C 

■ v < 




Iftip 



Titan IV 



Shuttle-C 


Ariane V 
(ESA) 


H-ll 

(Japan) 


Launch Vehicle 

*NSTS upweight capability for the purposes of this study is projected to be equal to the current NSTS commitment to station 
(14,119 Kg for OV-102, 17,933 Kg for all others) plus 50% of the following potential enhancements identified by JSC (Ref NSTS 
Upweight Capability Enhancements, Mark Craig, Engineering Directorate, NASA/JSC, July 21, 1987) • Advanced Solid Rocket 
Motor (+5448 Kg), other vehicle mods (2996 Kg), Integrated STS/Space Station Reserves (+227 Kg) 
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STUDY APPROACH - TRANSPORTATION MODEL 
CONTINUED 


The 5 NSTS'yr only transportation model represents the current NSTS commitment to the Space Station. This model was 
used as the least aggressive, "worst case" scenario where the decision is made to not use ELVs for Space Station support, and the 
currently projected NSTS flight rate to the station is not increased during the operating lifetime of the station. 


STUDY APPROACH 
TRANSPORTATION MODEL 
CONTINUED 


5 NSTS/Yr Only Transportation Support 


LIFT 

(KG) 


180000 

160000 

140000 

120000 

100000 

80000 

60000 

40000 

20000 

0 




u, 


STATION OPERATING YEAR 


75 


^JIQIHO 



STUDY APPROACH - TRANSPORTATION MODEL 
CONTINUED 


The moderate transportation model maintains the 5 NSTS/yr support level while allowing lor the use of some ELV support 
ELV support does not begin until the third year following Phase 1 based on the assumption that time will be required to "iron all 
the bugs out" and fully integrate ELVs into Space Station operations. In the third year, international participation is included 
by one launch vehicle per year horn both ESA and Japan. At the same lime, one Shuttle-C or Advanced Launch System (ALS) 
vehicle per year also comes on line. The time frame for the inclusion of all of these vehicles is consistent with their projected 
development cycle. 

Based on the projected demand for TitanlV vehicles by the DOD and other NASA interests, no TitanlV support was 
included in the moderate transportation model. 
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Moderaile Transportalion Support 


LIFT 

(KG) 


180000 

160000 

140000 

120000 

100000 

80000 

60000 

40000 

20000 

0 



STATION OPERATING YEAR 
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STUDY APPROACH - TRANSPORTATION MODEL 
CONTINUED 


The aggressive transportation model begins with an NSTS (light rale ol five per year and increases to eight po'V™ " 
year 3 The heavy NSTS support requirements during the several years o. assembly leading to Phase 1 w.H resuH m a backlog 
ol payloads on the launch manifest, making it dilticult to justify higher levels ol NSTS support m the * * « 1m ion is 

operation. One T.lanlV and one Shuttle-C type vehicle ate also included to, the first two years. The Shu'lle-C ” s “2 ' " ' d 

consistent with the possibility of developing such a vehicle for use during Space Station assemb y. e ir . 

t^hat^rcan provide one^itanlV launch per year for NASA by 1993 (Space Business News, 12/14/87), )ustifying the mc.usion of 
this vehicle in the aggressive model. 

As in the conservative model, internationally provided ELVs begin in year 3. At the same time, the J'tanlN/ Ns phased out 
as a second Shuttle C flight per year comes on line. The final increment in this model occurs In year wi 
both ESA and Japan. 
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Aggressive Transportation Support 


LIFT 

(KG) 


350000 

300000 

250000 

200000 

150000 

100000 

50000 



STATION OPERATING YEAR 
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STUDY APPROACH 
LOGISTICS REQUIREMENTS 


* Four types of carriers are used to transport logistics material (spares, food, experiments & 
equipment, etc) to the Space Stationt 



c i 


Carrie r 

Pressurized module 
Unpressurized module 
Fluids carrier 
Propellant carrier 


Carrier Mas s 
5199 kg 
1498 kg** 
1701 kg 
1335 kg 


C arrier Mass Cap acity 
10,011 kg 
2869 kg 
1453 kg 
3366 kg 


Mass Fraction* 
0.52 
0.52 
1.17 
0.40 


* L rnpty O.arrinr Mn<-<-.'C,nrnpr M r. f . Capacity 

Only Hip R It length unptossunyed earner was considered in this study 


• The total carrier mass requirement for any station operating year is calculated by determining 
the logistics mass for each category and multiplying by the respective carrier mass fraction 


-tiS 
o z 
o > 
TO r- 

iO TJ 
C > 

> a 

^ c7> 


• The number of carriers required in a particular year is calculated by dividing the total carrier 
mass requirement by the corresponding carrier mass 


| Mass properties and capabilities lor the logistics carriers are based on data presented by Boeing Corp. at the Critical Evaluation 
Task Fore* 5 (CETF) meeting at LaPC on 8/30 88 The pressurized module data represents the baseline carrier 
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STUDY APPROACH 
LOGISTICS REQUIREMENTS 
CONTINUED 


Annual Crew & Station Support Logistics at Phase 1 * 



UFT 

RETURN 

Crew Support 

7,581 Kg 

5,370 Kg 

• Food 

5,885 Kg 


• Personnel Support 

1,045 Kg 

521 kg 

I (hygiene, clothing, etc) 1 

j • Station Support 

651 Kg 

4,849 Kg 

(housekeeping, waste management, 
trash) 

Station Support 

13,606 Kg 

11,242 Kg 

• Spares, Documentation, etc 

6,884 Kg 

6,884 Kg 

• ECLSS Fluids 

1,445 Kg 

1,354 Kg 

• Station N2H4 

2,273 Kg 


* EVA Support 

3,004 Kg 

3,004 Kg 

Totals 

21 ,187 Kg 

16,612 Kg 


* Based on Level B SSCN #BM010026A 
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STUDY APPROACH 
LOGISTICS REQUIREMENTS 
CONTINUED 


Additional Annual Crew & Station Support Logistics During Growth * 



LIFT 

RETURN 

Additional Crew 

948 Kg/Crewman 

671 Kg/Crewman 

Additional Power (Solar Dynamic) 

1,000 Kg/50 KW 

1,000 Kg/50 KW 

Additional Pressurized Volume 



* Hab/Lab Module 

2,868 Kg 

2,473 Kg 

• Node 

547 Kg 

472 Kg 

• Large Pocket Lab 

1,238 Kg 

1,068 Kg 

• Small Pocket Lab 

613 Kg 

528 Kg 


* Based on proportionate increases of Phase 1 requirements with crew size, power and mass for crew, power and 
volume increases respectively 
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STUDY APPROACH 
LOGISTICS REQUIREMENTS 
CONTINUED 


Housekeeping Powe r Budge t 


Station Element 


Phase 1 Configuration 


Per Additional Habitation Module 
Per Additional Laboratory Module 
Per Additional Large Pocket Lab 
Per Additional Small Pocket Lab 
Per Additional Resource Node 
Per Additional Truss Bay 


Housekeeping Power Requirement* 


35 KW 

7.0 KW 
6.7 KW 
2.2 KW 

1.1 KW 
0.63 KW 
0.153 KW 


Powfn requirements for baselined Nation elements are based on the FORD. Section 6, Rev B, January 1988, Table 5 ? 

Rr-oirff. node toquirr'inff ■ ! ,s h Kcd <-r- HeMmirre Unde 1 

r ° ckr>t Power requirements me propod-onate to laboratory module requirements based on relative size 
Truss hay requirements include overhead for line loss and attached payload support equipment 
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CO 

c* 

p* 

z 

o 

-3 

Tl 

a 

£ 

w 

a 


The OMV is assumed to be NSTS based until the payload servicing facility is accommodated 

.. OMV up and down mass is charged to the ! r ® n *P° rl ® , js spent , he n returned to 
.. The OMV is temporarily berthed at the station until propellant is spem, 

Earth 

■ oMV " °” v 

.. ,h „; sr "" ’* q “" e * a 

.. ^ ». 

.. OMV mass tor propellant budgeting assumes 3/4 propellant load. 

.. OMV mass (vehicle fully fueled) = 8,115 kg*; OMV full prop load = 3,990 kg 
.. OMV soecific impulse = 290 seconds* 


* "Space Station 'OMV Dentqn Reference Mis; 


.ion Analysis”, 


MO AC ES TM No 1 2 TM FM88034 02. 15 October 1987 
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GROWTH SCENARIO RESULTS - FINAL STATION RESOURCE LEVELS 


Station resource levels at completion of growth are a function of transportation model and resource requirements of the 
mission emphasis. Resource levels are initially increased as the transportation model allows to relieve the resource deficits created 
by accommodation of the Phase 1 mission set. After initial deficits are relieved, resource levels grow as required to support new 
mission accommodations. 

Lift allocation for resource growth is limited since available lift is required for support of ongoing missions, crew and station 
logistics, and logistics carriers. Resource levels are increased if available resources are lower than user requirements and the 
transportation model can support delivery of growth components in addition to the ongoing lift requirements. The 5 enhanced NSTS 
flights per year transportation model allows an increase of crew in only one growth scenario. This was possible since the Phase 1 
mission requirements are lower for this particular emphasis and allow the support of an additional module, crew, and associated 
logistics. 

Required resource levels vary with the mission emphasis. Microgravity Research & Materials Production missions have the 
highest power and crew requirements of the major emphases. Pocket lab requirements are high for this emphasis since these are 
required to house several of the production facilities. Microgravity Research missions (with minimal materials production)has a 
substantially lower power requirement. The Life Sciences emphasis tends to require more lab volume than the other emphases. This 
is due to requirements of dedicated lab modules for several life science facilities. The Observational Science emphasis has the most 
moderate requirements of the emphases. Due to moderate lift, crew, and power requirements of missions in this category, a greater 
percent of missions in other categories can be accommodated within existing station resource limits. 
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GROWTH SCENARIO RESULTS 

FINAL STATION RESOURCE LEVELS 


Emphasis 

Transportatio n Mo d el 

Power 

Crew 

Hab Modules 

Lab Modules 

Pocket Labs 

Microgravity Research 

Aggressive 

225 

24 

3 

5 

2 

Microgravity Research 

5 NSTS/yr only 

125 

14 

2 

3 

1 

& Materials Production 

Moderate 

225 

24 

3 

5 

2 


Aggressive 

325 

24 

3 

5 

3 

Life Sciences 

5 NSTS/yr only 

125 

8 

1 

3 

2 


Moderate 

225 

22 

3 

6 

2 


Aggressive 

275 

24 

3 

6 

2 

Observational Science 

5 NSTS/yr only 

125 

8 

1 

3 

1 


Moderate 

175 

22 

3 

4 

2 


Aggressive 

175 

24 

3 

4 

2 
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GROWTH SCENARIO RESULTS 
MICROGRAVITY RESEARCH EMPHASIS 


• Objective 

Accommodate facilities devoted to microgravity research In their desired time frame, while 
maintaining support to other station activities close to the Phase 1 level. While one goal of 
microgravity research is to lead to commercial production of materials in space, this scenario 
emphasizes only limited production unit accommodation under the assumption that most production 
units requiring very low gravity levels will be branched to co-orbiting facilities or platforms 


• Emphasized Growth Missions 

US Materials Laboratory (COMM1201) 


Microgravity & Materials Processing 
Laboratory (COMM1 204) 

P 

5 Biological Production Units 

O (COMM1206) 


A subset of this lab is present at Phase 1; complete 
outfitting is a primary priority 

A second major laboratory which will extend the 
capabilities of the first materials lab 

A full scale biological processing facility for commercial 
production of pharmaceuticals 



WttMWflNW b vm 
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GROWTH SCENARIO RESULTS 
MICROGRAVITY RESEARCH EMPHASIS 
AGGRESSIVE TRANSPORTATION SUPPORT 


Summary of Mission Accommodation 


• General 

r 0 ”"” "> 

- Microgravity Research 

'S~~=~=~=- 

«S55a=--s& 

" ^e7s7ar? y ear)1n 9 ye"r e 7 F,yer aCC0r “ ed - accommodated during the 

Industrial Services 
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GROWTH SCENARIO RESULTS 
MICROGRAVITY RESEARCH EMPHASIS 
AGGRESSIVE TRANSPORTATION SUPPORT 
CONTINUED 


su mmary of Mission Accommodation fcnnt) 

• Life Sciences 

'* Full outfitting of the life sciences lab was completed in year 8 
" “ d,d ,n v * ar 7 >»»«. 

- Observational Sciences 

” ^crTeLsc e o P pe yl0ad SerViCi " 9 in year 2 a "° Wed ' he 0n ,ime servicin 9 °* ,he Hubble 

" B “' h observa,i °nal co-orbiting platforms were accommodated in early station operations 
SIRTF was serviced 1 year late in year 3 and AXAF was serviced on time in year 5 

" wTsTec,e^h?M d ' ree " y f r n iSSi0n ! We re accommodated since resource allocation 
was directed to the Microgravity Research missions 

Technology Development 

•• Few growth missions in this category were accommodated due to high lift and crew 

requirements of the Microgravity Research emphasis. Missions which were accommodated 

are primarily low resource, short duration missions 


mimmmu bun * 
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GROWTH SCENARIO RESULTS - MICROGRAVITY RESEARCH EMPHASIS 

AGGRESSIVE TRANSPORTATION SUPPORT 

CONTINUED 


The final station configuration including module, pocket lab, solar dynamic collector, and truss additions is shown lor the 
Microgravity Research emphasis, aggressive transportation support scenario. The module pattern given Is conceptual only and Is 
meant to illustrate volumetric size of the station in terms of number of modules and pocket labs and their associated facilities. 
Configuration analysis to determine an optimal module pattern would involve numerous operational Issues which were not 
addressed In this study. 

This configuration shows the addition of 2 hab modules, 2 lab modules, and 2 pocket labs to the Phase 1 station. Also 
added are truss bays for the evolution of the dual keel and for support of additional solar dynamic collectors. Not shown but also 
included Is the addition of the payload servicing facility and the station-based OMV. Facilities In support of the Microgravity 
Research emphasis include 2 dedicated microgravity research lab modules and a materials production pocket lab. 

Station growth components added per year and the resulting available resources for this scenario are given In the following 

table. 


Microoi avit v Peseai ch { crphasis 


- - . 
Year 

5U Al l avS 

1 oi al I’owe 

Uset Powei 

l ot at ( «ew 

usei Li ew 

Habs 

Labs 

bin Pocket 

La Pockets 

Attach Pnt 

bay 

OMV 

01 v 

Growth Mas c 

Phase i 

0 

/b 

4b 2 

a 

6 

l 

3 

o ! 

0 

4 

0 

0 

0 


1 

) 

i 

7b 2 

16 

1 2 

2 

4 

0 

0 

4 

1 7 

0 

0 

75175 Kg 

2 

1 

l 25 

66 b 

16 

1 2 

2 

4 

0 

0 

10 

71 

1 

0 

4b 105 Kg 

5 

2 

! 7b 

bH 3 

22 

1 6 b 

3 

5 

0 

0 

10 

7 1 

1 

0 

73b45 Kg 

4 

2 

1 7b 

b 5 b 

24 

1 3 

3 

5 

1 

1 

10 

81 

1 

0 

2 2553 Kg 

b 

3 

22b 

142 1 

24 

18 

3 

5 

1 

1 

10 

81 

1 

0 

1 II 14KQ 
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AGGRESSIVE TRANSPORTATION SUPPORT 
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GROWTH SCENARIO RESULTS - MICROGRAVITY RESEARCH EMPHASIS 

AGGRESSIVE TRANSPORTATION SUPPORT 

CONTINUED 


mature s°aHon operation^ toMhts P ^c”narto S an^a\e°based 0 on^n e a a, I 0nS T C °'T"°" °' 9r ° W ' h T " C P ie Charts are representative o. 

m s scenario and are based on an average of annual requirements during this period. 

Facili.LTwhich requi,ed ,or ^rcrogravity Research and Industrial Services missions 

=r.: 

orima^:^ , T men,S ^ ln,erna " or,al and Microgravity Research missions. International crew requirements are 

25% of the total s.a.ionTrew 9,aV " y ^ ' aClM " eS ' "keeping erew requirements are assumed to be 

rrE£?^ 




102 



GROWTH SCENARIO RESULTS 
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AGGRESSIVE TRANSPORTATION SUPPORT 
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Resource Allocation 


Logistics Carriers Ind Serv 



Support 

Lift 



TD Obs Sci 
Crew 


"U 

ui 

rn 
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GROWTH SCENARIO RESULTS - MICROGRAVITY RESEARCH EMPHASIS 

AGGRESSIVE TRANSPORTATION SUPPORT 

CONTINUED 


The timeline of major mission accommodation and growth element addition for the Microgravity Research emphasis, aggressive 
transportaton support scenario is given below. This timeline shows the correlation of resource growth (i.e., additions of power, crew, 
lab volume) with the accommodation of growth missions and the evolution of station facilities. 

Facilities in support of the Microgravity Research emphasis include materials lab #1, materials lab #2, the biological production 
units facility, and the variable-g micro-g free flyer. Evolution of core station facilities in support of this emphasis is complete in station 
operating year 3 The 100% outfitting of materials lab #1 requires the additional lab volume shown by the accommodation of the 4th lab 
module m year 2 Also required for complete outfitting and utilization of materials lab #1 is additional power (50 kW power with the 
addition of 2 solar dynamic collectors) and crew (accommodation of hab module #2 and 8 crew persons). Materials lab #2 is fully 
outfitted in station operating year 3. This requires an additional dedicated lab module, crew, and power for support. Crew growth 
above 16 crew persons requires the accommodation of hab module #3. The biological production units facility requires a large pocket 

lab for housing. This facilitiy and the accommodation of a European materials research facility create the requirement for Dower 
growth to 225 kW. K 

Additional growth components are the dual keel and booms required for support of Observational Science and Technology 
Development missions, and the OMV and payload servicing facility required for servicing of the variable-g micro-g free flyer and 
Observational Science free flyers. The small pocket lab houses the sample quarantine facility. 


104 


Major 

Missions 


Growth 

Elements 


GROWTH SCENARIO RESULTS 
MICROGRAVITY RESEARCH EMPHASIS 
AGGRESSIVE TRANSPORTATION SUPPORT 
CONTINUED 



fQ 

'3 

c: 


> 

r- 


q 



105 


OF POOR 



GROWTH SCENARIO RESULTS - MICROGRAVITY RESEARCH AND 
MATERIALS PRODUCTION EMPHASIS 


This Page Intentionally Left Blank 


106 



GROWTH SCENARIO RESULTS 

MICROGRAVITY RESEARCH AND MATERIALS PRODUCTION EMPHASIS 


• Objective 

Accommodate major microgravity research laboratories and materials processing production units in 
their desired time frame, while maintaining support to other station activities close to the Phase 1 
level 

2 • Emphasized Growth Missions 

V; US Materials Laboratory (COMM1201) 


Microgravity & Materials Processing 
Laboratory (COMM1204) 

Electroepitaxial Crystal Growth 
Production Units (#1 and #2) 


Biological Production Units A full scale biological processing facility for commercial 

(COMM1206) production of pharmaceuticals 

Crystal Production Units Commercial production of high purity, low defect density 

semiconductor materials 

Containerless Process Production Commercial production of high quality optical fibers 

Units (COMM1213) 

Electrophoresis Operations in Space Production facility mission used to represent a generic 

(EOS) Production Units (COMM1202) lift and power intensive process requiring a separate 

large pocket lab 


A subset of this lab is present at Phase 1 ; complete 
outfitting is a primary priority 

A second major laboratory which will extend the 
capabilities of the first materials lab 

Two production units used to grow large gallium 
arsenide crystals in bulk quantities for the commercial 
market 
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• General 

•• Accommodation of growth missions in all mission categories was very poor due to the heavy 
lift requirements needed by the Phase 1 missions and crew & station logistics 
" Growth activities for the first 3 years were devoted to correcting resource deficiencies at Phase 
1 and accommodating the OMV and payload service facility 
*’ l ift capability was insufficient to accommodate an additional lab module and associated 
logistics. This resulted in inadequate rack volume for complete accommodation of materials 
lab #1 and the life sciences lab 


• Microgravity Research & Materials Production 

•• The only growth mission accommodated in this category is an external attached production 
facility. This was accommodated in year 1 1 

*’ Com P ,ete outfitting of materials lab #1 , accommodation of several production facilities and 
accommodation of materials lab #2 was not possible due to inadequate lift 

• Industrial Services 

•• The missions in this category have significant lift requirements in general. For this reason 
none were accommodated in this scenario 

• International 

•• The only growth mission accommodated in this category was a materials production free fiver 
which was accommodated in year 12 1 
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Summary of Mission Accommodation (cont) 


• Life Sciences 

•• Inadequate lift did not allow full outfitting of the life sciences lab 

•• The sample quarantine mission added in year 7 allows the accommodation of the sample 
return missions on time 

• Observational Sciences 

•• Addition of the payload servicing facility in year 3 allows the on time servicing of the Hubble 
Space Telescope 

•• Lift requirements of the microgravity and materials processing emphasis did not allow the 
evolution of the dual keel; no additional external attached missions were accommodated 

• Technology Development 

No growth missions in this category were accommodated due to high lift requirements of the 
Microgravity Research and Materials Production emphasis and lack of available attach points 
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Ml Th * I in o sla,ion conll Su' 3 tion including module, pocket lab, solar dynamic collector, and truss additions Is shown lor ih. 

Ma *° r 8 row,h components for this scenario include an additional hab module, 1 pocket lab a pair of solar dynamic r«n^» 

?he d OMV S e0 . ,,eC,0r9 A,SO ' nch,ded bU ' n °' ShOWn '* ^ * ?C.y!o-d^ VXSHi ^aerniy Lhd 

. Lift for this 5 NSTS flights/year transportation scenario was inadequate for evolution of the dual keel or th* * 

?he SNSTS*! ohis/ addi !' onal n ’ odu,es Th « Microgravity Research and Materials Production emphasis Is the only emphasis lor 
, ^ 5 NS 1? 9 ' 3 ycar ,ranspor latlon support scenarios In which an additional module was able to be accommodated This Is due 


Growth components added per year and resulting available resources are given in the following table. 
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Final Station Configuration 
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Allocation of lift, crew, and power is shown for station operations after completion of growth. The pie charts are representative 
of mature station operations tor this scenario and are based on an average of annual requirements during this period. 

The lift allocation pie chart shows a majority of total lift is required for crew & station support logistics and logistics carriers. 

This distribution results from the minimal lift available with the 5 NSTS flights per year transportation model. The logistics carrier 
allocation reflects lift required for 6 pressurized log module, 4 unpressurized carrier, 2 fluids carrier, and 2 propellant carrier flights per 
year. The crew & station support logistics allocation represents lilt to support 5 modules and 14 crew persons. Lift allocated in 
support of Microgravity Research and Materials Production is required for 50% accommodation of materials lab #1 (COMM1201) and 
accommodation of the containerless production units facility (COMM1213). 

User crew requirements are highest for the International, Microgravity Research & Materials Production, and Life Sciences 
missions. The International missions include the International missions of the Phase 1 mission set and a Canadian materials 
production free flyer (COMM4000). Crew for the microgravity research and materials production missions and life science missions 
represent requirements for the two major labs of the Phase 1 station. 

Primary power requirements are from station housekeeping, International missions, and Microgravity Research & Materials 
Production missions. Station housekeeping power is approximately 44 kW in support of 2 hab modules, 3 lab modules, and a small 
pocket lab. The International mission set includes several major power users including materials research and life science 
laboratories. 
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The timeline of major mission accommodation and growth element addition for the Microgravity Research & Materials 
Production emphasis, 5 NSTS flights year transportaton support scenario is given below. This timeline shows the correlation of 
resource growth (i.e., additions of power, crew, lab volume) with the accommodation of growth missions and the evolution of station 
facilities. 

Station evolution and facilities accommodation is minimal for the 5 NSTS flights/year transportation support scenario. The only 
growth mission accommodated in support of this emphasis is the containerless production units facility in station operating year 11. 
This facility is an external, attached faciltiy which does not require the addition of a pocket lab. Complete outfitting of materials lab #1 
was not possible since additional rack volume is required and a new lab module could not be accommodated. 

Growth items in this scenario include 2 solar dynamic collectors (50 kW power increment) , hab module #2 and 6 crew persons, 
a small pocket lab, and the OMV and payload servicing facility. The additional power and first increase in crew is required to relieve 
resource deficits of the Phase 1 mission set. The OMV and payload servicing facility are accommodated to service the Great 
Observatories. The small pocket lab is required to house the sample quarantine facility. Although the sample quarantine facility is 
not required for support of the Microgravity Research & Materials Production missions, this facility is accommodated under the 
assumption that it is a requirement for support of the Mars Sample Return and Comet Nucleus Sample Return missions. These 
missions are high priority and resources to support them are assumed to be budgeted from ongoing station activities. 

The Microgravity Research & Materials Production emphasis is the only emphasis of the 5 NSTS flights per year scenarios in 
which an additional hab module is able to be accommodated. This is due to lower lift requirements of this Phase 1 mission set than 
in other scenarios. The resulting ''additional" lift in this scenario is adequate for delivery and logistics resupply of hab module #2. 
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Summary of Mission Accommodation 


o 


P 


• General 

•* Growth for the first 2 years was devoted to correcting crew and power deficiencies at Phase 1 

** Lift for the first 3 years was insufficient to allow accommodation of any growth missions 

** The accommodation of only a few of the materials production units prevented significant 
accommodation of non-micro-g missions 

• Microgravity Research & Materials Production 

•• Complete outfitting of the first Microgravity and Materials Processing Facility was not possible 
before the fourth station operating year 

•• The second general Materials Laboratory was accommodated over the course of four years 
and was delayed by three years due to slow growth during the first three years 

" Only two of six materials production units were accommodated due to insufficient lift. These 
two facilities, Crystal Production Units and Containerless Process Production Units have the 
lowest resource requirements of the production units in the EMM and were begun 4 and 6 
years late, respectively 

• Industrial Services 

•• The missions in this category have significant lift requirements in general. For this reason 
none were accommodated in this scenario 

• International 

•’ Several of the lower resource using international growth missions were accommodated on time 

•• Although most of the on-time missions were the Phase 1 missions, only 15% of the 

international missions in the EMM were not started at all, and delays for slipped missions 
average only 5 years 
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• Life Sciences 

•• The sample return missions were accommodated on time because these missions were given 
high priority 

•• The only other Life Sciences growth mission was the complete outfitting of the general life 
sciences lab. This occurred in the fourth operating year of the Space Station 

• Observational Sciences 

•• Servicing of the Great Observatories (Space Telescope and AXAF) was not possible prior to 
Station Operating year 5 

•• Several other smaller observational science missions were accommodated very late including 
the Tropical Rainfall Mapper and Earth Radiation Hitchhiker (both in year 14) 

• Technology Development 

•• Less than of the Technology Development missions were accommodated due to lift and 
user crew limitations. These missions were considered lower priority missions within this 
emphasis and typically were accommodated after completion of station growth 
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The final station configuration including module, pocket lab, solar dynamic collector, and truss additions Is shown for the 
Microgravity Research & Materials Production emphasis, moderate transportation support scenario. The module pattern given Is 
conceptual only and is meant to illustrate volumetric size of the station In terms of number of modules and pocket labs and their 
associated facilities. Configuration analysis to determine an optimal module pattern would involve numerous operational Issues 
which were not addressed in this study. 

This final configuration includes the addition of 2 hab modules, 2 lab modules, 2 pocket labs, 3 pair of solar dynamic 
collectors, and the dual keel to the initial Phase 1 station. Not shown but also included are the payload servicing facility and the 
OMV. Facilities in support of the Microgravity Research & Materials Production emphasis include 2 dedicated materials research 
lab modules and a crystal production unit pocket lab. 

Station growth components added per year and the resulting resource additions are shown In the following table. 
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Allocation ol lift, crew, and power is shown lor station operations after completion of growth. The pie charts are representative 
of mature station operations for this scenario and are based on an average of annual requirements during this period. 

The lift allocation pie shows the majority of lift is required for crew and station support logistics and logistics carriers. 
Allocation for crew and station logistics represents support of 7 modules, 2 pocket labs, and 24 crew persons. The logistics carrier 
allocation includes lift required for 9 pressurized log module, 7 unpressurized carrier, 3 fluids carrier, and 5 propellant carrier flights 
per year. Primary user lift requirements are from International missions. Microgravity Research & Materials Production missions, and 
Life Sciences missions. The International missions include the International missions of the Phase 1 mission set and a second 
European materials research laboratory. Major facilities under Microgravity Research & Materials Production include materials lab #1 
(COMM1201), materials lab #2 (COMM1204), crystal production units facility (COMM1208), and the containerless process production 
units facility (COMM1213). Major Life Sciences facilities include the fully outfitted life science lab (SAAX307). 

Station crew is allocated primarily to station housekeeping, Internation missions, and Microgravity Research & Materials 
Production missions. Station housekeeping is assumed to require 25% of total station crew. Crew allocation for International 
missions is relatively high with respect to rack volume and lift allocation. This is probably due to poor requirements definition of 
many of these missions. 

Major power requirements are from station housekeeping, International missions, and Microgravity Research & Materials 
Production missions. The large percent of power allocated for Microgravity Research & Materials Production is expected since these 
production facilities are typically large power users. 
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The timeline of major mission accommodation and growth element addition for the Microgravity Research & Materials 
Production emphasis, moderate transportaton support scenario is given below. This timeline shows the correlation of resource 
growth (i.e., additions of power, crew, lab volume) with the accommodation of growth missions and the evolution of station facilities. 

Facilities in support of the Microgravity Research & Materials Production emphasis include materials lab #1, materials lab #2, 
the crystal production units facility, and the containerless process production units facility. Evolution of these facilities is complete in 
station operating year 10. Materials lab #1 is completely outfitted in station operating year 4. This requires additional rack volume 
(i e., accommodation of lab module #4), power, and crew. Also in year 4 the 100% outfitting and utilization of the life sciences lab as 
well as the accommodation of several smaller missions require the addition of hab modules 2 and 3. Materials lab #2 is partially 
accommodated in station operating year 6. This requires addition of a dedicated lab module (lab module #5) and an increase in 
available power. Accommodation of the crystal production units facility and the containerless process production units facility create 
the requirement for power growth to 225 kW. The crystal production units facility is housed in a small pocket lab. The containerless 
process production units facility is an external, attached facility which does not require a pocket lab. 

Additional growth items in this scenario include a small pocket lab accommodated in station operating year 7 to house the 
sample quarantine facility, the OMV and payload servicing facility accommodated in year 3, and the dual keel and booms added in 
year 5. 
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Summary of Mission Accommodation 


• Genera! 

** Mission accommodation included 2 dedicated materials research labs, 4 additional materials 
production facilities, and primary missions in other mission categories. Mission 
accommodation in non-emphasized categories was poor due to high lift requirements of the 
microgravity research and materials production missions 

'* Growth activities for the first 2 years were devoted to correcting resource deficiencies at Phase 
1, providing lab volume to support complete outfitting of materials lab #1 and accommodating 
the OMV and payload service facility 

” Growth to the dual keel configuration was accomplished in station operating year 4. This 
resulted in growth to 10 attach points available for Technology Development and 
Observational Science missions 

• Microgravity Research & Materials Production 

•• All missions in this category were accommodated except EOS Production Units and ECG 
Production Units #2. Two pocket labs are accommodated to support the Biological 
Production Units (year 3) and Crystal Production Units (year 4) missions 

*• Complete outfitting of materials lab #1 is accomplished in year 2; materials lab #2 is 
accommodated in year 3 with outfitting completed in year 5 

•• Additional missions accommodated include Electroepitaxial Crystal Production Units in year 2 
and the Micro-g Variable-g Free Flyer in year 7 (both accommodated on time) 

• Industrial Services 

'* The only growth mission accommodated within this category is the Industrial Space Facility 
accommodated 5 years late in year 6; additional accommodation was not possible due to lift 
and crew limitations 
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Su mmary of Mission Accommodation Icont) 


• Life Sciences 

•• Complete outfitting of the life sciences lab is accomplished in year 8 
•• The sample return missions and sample quarantine facility are accommodated on time* this 
provides complete accommodation of the Life Sciences missions in this scenario 

• Observational Sciences 

•• Primary missions accommodated include Hubble Space Telescope servicing on time in vear 3 
SIRTF 1 year late in year 3, and AXAF on time in year 5 

•• Only other growth missions accommodated are Tropical Rainfall Mapping facility 4 years late 
in year 5 and Hitchhiker 4 - Earth Radiation facility 3 years late in year 4; high lift requirements 

of the emphasized missions prevented additional accommodation of Observational Science 
missions 

• Technology Development 

•• Accommodation of growth missions in this category is poor due to lack of available resources 
which were allocated to the major emphasis. Accommodated missions include power 

generation technology development missions, space structures technology missions and 
propulsion technology missions 
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The final station configuration including module, pocket lab, solar dynamic collector, and truss additions is shown for the 
Microgravity Research and Materials Production emphasis, aggressive transportation support scenario. The module pattern given 
Is conceptual only and Is meant to illustrate volumetric size of the station in terms of number of modules and pocket labs and their 
associated facilities. Configuration analysis to determine an optimal module pattern would involve numerous operational Issues 
which were not addressed In this study. 

Major components added to the Phase 1 configuration include 2 hab modules, 3 lab modules, 3 pocket labs, 5 pairs of solar 
dynamic collectors and required truss additions, and the dual keel. Not shown but also Included are the payload servicing facility 
and the OMV. Facilities in support of the Microgravity Research & Materials Production emphasis include 2 dedicated materials 
research lab modules and 3 materials production pocket labs. 

Component additions per year and resulting Increases In station resources are given in the following table. 
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Final Station Configuration 


Note: Module pattern shown Is 
representative only 
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AGGRESSIVE TRANSPORTATION SUPPORT 
CONTINUED 


The limeline of major mission accommodation and growth element addition for the Microgravity Research & Materials 
Production emphasis, aggressive transportaton support scenario is given below. This timeline shows the correlation of resource 
growth <i.e ., additions of power, crew, lab volume) with the accommodation of growth missions and the evolution of station facilities. 

Facilities in support of the Microgravity Research & Materials Production emphasis include materials lab #1, materials lab #2, the 
ECG crystal production units #1 facility, the biological production units facility, the crystal production units facility, and the 
containerless process production units facility. Complete outfitting and utilization of materials lab #1 requires the addition of rack 
volume (i.e., the addition of lab module #4), crew (i.e., the addition of hab module #2), and power. Complete accommodation of 
materials lab #2 requires the addition of a dedicated lab module (lab module #5). The biological production units facility and the 
crystal production units facility require a large pocket lab and a small pocket lab for housing, respectively. The containerless process 
production units facility is an external, attached facility and the ECG production units #1 faciltiy is housed in materials lab #1. 
Accommodation of these research and production facilities and full accommodation of the life sciences lab create a total station power 
requirement of 325 kW. 

Additional growth items in this scenario include a small pocket lab required to house the sample quarantine facility, the OMV 
and payload servicing facility accommodated in year 2 for servicing of automated materials production and Observational Science free 
flyers, and the dual keel and booms for support of Observational Science and Technology Development missions. 
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Summary of Major Mission and Station Element Growth 
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GROWTH SCENARIO RESULTS 
LIFE SCIENCES EMPHASIS 


• Objective 

Accommodate life science laboratories devoted both to the understanding of the effects of 
microgravity on the human body in order to improve safety and productivity in space; experiments 
oriented toward preparation for further human exploration of the solar system such as the 
establishment of a lunar base, or a manned expedition to Mars. 

• Emphasized Growth Missions 

Life Sciences Lab A subset of this lab is present at Phase 1; complete 

(SAAX307 and 307A) outfitting is a primary priority 

Plant & Animal Vivarium and Animal research performed in the life sciences lab will be 

Lab (SAAX302) expanded and extended to include plant research through the 

accommodation of this mission 

Human Life Science Lab At the time the vivarium comes on line, the general life 

(SAAX303) sciences lab will become dedicated to human life science 

Closed Ecology Life Support CELSS research will initially share a module with other 

Systems (SAAX304, 305, & 306) research disciplines, but will eventually evolve into a 

dedicated module and a pallet for algae and yeast growth 

4 Meter Variable-G Centrifuge This centrifuge will enhance the capability of the 1.8M 

(SAAX31 1) centrifuge in the general life sciences lab 
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GROWTH SCENARIO RESULTS 
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Summary of Mission Accommodation 


• General 

•• Accommodation of growth missions in all mission categories was very poor due to the heavy 
lift requirements needed by the Phase 1 missions and crew & station logistics 

•• Growth activities for the first 2 years were devoted to correcting resource deficiencies at Phase 
1 and accommodating a large pocket lab to support the 4 meter centrifuge 

•• Lift capability was insufficient to accommodate an additional lab module and associated 
logistics. This resulted in inadequate rack volume for complete accommodation of materials 
lab #1 

•• The OMV remained NSTS based and the payload service facility was not accommodated in 
order to allocate maximum lift to life science mission support; free flyer servicing 
requirements are minimal for the life science emphasis 

• Microgravity Research & Materials Production 

•• Complete outfitting of materials lab #1 was not possible due to insufficient rack volume and 
inadequate lift for delivery and logistics support of an additional lab module 

•• No growth missions in this category were accommodated 

• Industrial Services 

•• The missions in this category have significant lift requirements in general. For this reason 
none were accommodated in this scenario 

• International 

•• The only growth mission accommodated in this category was a radiation biology free flyer 
which was accommodated in year 14 
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CONTINUED 

Summary of Mission Accommodation (cont) 


• Life Sciences 

•• The 4 meter centrifuge was accommodated in a large pocket lab in year 5 

•• The sample quarantine mission was accommodated in year 7 for the on time accommodation of 
the sample return missions 

** Inadequate lift was available to allow the evolution of the life sciences facilities including the 
accommodation of the plant and animal lab & vivarium and the development of the CELSS 
facilities 

• Observational Sciences 

•• Hubble Space Telescope is serviced on time but without the availability of the payload 

servicing facility. Minimal lift did not allow evolution of a station based OMV and the payload 
servicing facility 

•• Mission accommodation for this category was poor; only additional missions accommodated 
were growth components of the Solar Terrestrial Observatory accommodated in year 17 

• Technology Development 

•* Mission accommodation for this category was poor due to inadequate lift resources. Only 
growth mission accommodated was the antenna test range in year 17 
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GROWTH SCENARIO RESULTS - LIFE SCIENCES EMPHASIS 
5 NSTS/YR ONLY TRANSPORTATION SUPPORT 
CONTINUED 


The final station configuration including pocket lab, solar dynamic collector, and truss additions is shown for the Life 
Sciences emphasis, 5 NSTS flights per year transportation scenario. The locations of the pocket labs as shown Is conceptual only 
and is meant to illustrate volumetric size of the station in terms of number of modules and pocket labs and their associated 
facilities. Configuration analysis to determine an optimal pocket lab arrangement would involve operational Issues which were not 
addressed In this study. 

The final configuration of this scenario shows growth in power and pocket lab volume. Phase 1 power was increased by 50 
kW with the addition of 2 solar dynamic collectors to relieve the power deficit of the Phase 1 mission set. Two pocket labs were 
added which expand the Life Sciences research facilities by accommodating the quarantine facility and the 4 meter centrifuge. 
Additional growth to support evolution of the Life Sciences facilities was not possible due to inadequate lift of the 5 NSTS flights 
per year transportation model. In this scenario the payload servicing facility is not accommodated, the dual keel Is not evolved, 

and the OMV remains NSTS -based. 

Component growth per year and resulting increases In station resources are shown In the foliowing table. 
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The timeline ot major mission accommodation and growth element addition lor the Lite Sciences «mP h asis, 5 NSTS i nights .per 
year tran^o" °sr,ppor, scenario is grven below. This time.ine shows t^ corre,a.ion o. ; esou^ growth <«-«-. addrhons o. power, 
crew, lab volume) with the accommodation ot growth missions and the evolution ol station facilities. 

Maior lacililies in support ol the Lite Sciences emphasis include the life science lab, gas grain simulator facility 4 meter 
includes the addition in station operating year 1 o. a large pocket lab to house the 4 

resources “d toMhJir support is budgeted from ongoing station activities since avai.ab.e tit. and crew resources are minima, 
with this transportation scenario. 

Power is added in station operating year 2 to relieve the power delici, ot the Phase 1 mission set Us " cre “ ' s a de,ici ' 
with the Phase 1 mission set bu, could no, be relieved since an additional hab module and 5evera , 

accommodated with the 5 NSTS tlights per year transportation model. Although user crew is a delic Quarantine 'facility 

growth missions were accommodated These missions include the 4 meter vanable-g centrduge and the sa ^P , ^"^ ant '" e ,aC V 
The rationale tor accommodating additional missions/facilities when the crew resource ,s a ^ science 

considered enhancements to the life science lab and do no, require continuous: suppod Iran user crew 

lab is a better equipped laboratory with these additions which allow the available crew to perform a wider variety of experiments 
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Summary of Mission Accommodation 
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• General 

• • Growth for the first 3 years was devoted to correct crew and power deficiencies at Phase 1 

•• Lift for the first 3 years was insufficient to allow accommodation of any growth missions 

•• The accommodation of several laboratory modules required by Life Sciences resulted in 
resource shortages and therefore poor accommodation of non-life science missions 

• Life Sciences 

•• All of the Life Sciences missions were accommodated, although allocation of lift to growth and 
the low ELV support level in the first few years resulted in slipping all of the growth missions 

•• The average slip for beginning major Life Sciences missions was 2 years 

• Industrial Services 

•• The missions in this category have significant lift requirements in general. For this reason 
none were accommodated in this scenario 

• International 

•• Very few of the growth missions were accommodated 

•• None of the International growth missions were accommodated on time; missions which were 
accommodated were primarily smaller Japanese technology development missions 
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Summary of Mission Accommodation (cont) 

Microgravity Research & Materials Production Missions 

•• The only growth mission accommodated in this category was the complete outfitting of the 
Microgravity and Materials Processing Facility #1. This was accomplished in station 
operating year 10 

Observational Sciences 

•• Although none of the growth missions in this category were started on time, most were 
accommodated with an average delay of 5 years 

Servicing of the Great Observatories (Space Telescope and AXAF) was not possible prior to 
Station Operating year 5 

•• Neither the tethered satellite portion of the Solar Terrestrial Observatory nor the servicing of 
the Explorer spacecraft were accommodated 

Technology Development 

•• Very few of the Technology Development missions were accommodated. None of the growth 
missions were accommodated on time, and those which were accommodated late were in 
general very short duration, low resource using experiments 
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CONTINUED 


The final station configuration including module, pocket lab, solar dynamic collector, and truss additions Is shown for the 
Life Sciences emphasis, moderate transportation support scenario. The module pattern given Is conceptual only and Is meant to 
illustrate volumetric size of the station in terms of number of modules and pocket labs and their associated facilities. 

Configuration analysis to determine an optimal module pattern would involve numerous operational Issues which were not 
addressed In this study. 

Major growth ilems added to the Phase 1 configuration include 2 hab modules, 4 lab modules, 2 pocket labs, 3 pairs of solar 
dynamic collectors, and truss additions for the dual keel and transverse boom. Three lab modules and 2 pocket labs are dedicated 
Life Sciences facilities. Not shown but also included are the payload servicing facility and the OMV. 

Growth items added per year and the resulting increases In station resources are given in the following table. 
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MODERATE TRANSPORTATION SUPPORT 

CONTINUED 


Allocation of lift, crew, and power is shown for station operations after completion of growth. The pie charts are representative 
of mature station operations for this scenario and are based on an average ol annual requirements during this period. 

The lift allocation pie shows a large percent of total lift required for crew & station support logistics and logistics carriers Lift 
represented under crew & station support is required for support of 9 modules, 2 pocket labs, and 22 crew persons. Logistics carrier 
lift reflects 9 pressurized module, 9 unpressurized carrier, 3 fluids carrier, and 5 propellant carrier flights per year. Life Sciences lift 
allocation represents requirements for 100% accommodation of the life science facilities. These facilities include the human life 
science lab, plant and animal vivarium & lab, 4 meter variable-g centrifuge, dedicated CELSS module, gas grain simulator facility, and 
sample quarantine facility A major portion of user lift is allocated to Observational Science missions. Missions in this category 
include servicing of the Great Observatories (Hubble Space Telescope, SIRTF, and AXAF), Space Station Spartan, Hitchhiker 1, 
Hitchhiker 4 - Earth Radiation, growth components of the Solar Terrestrial Observatory, and the Tropical Rainfall Mapping Mission. 

User crew requirements are highest for International, Microgravity Research & Material Production, and Life Sciences missions. 
Crew level for life sciences represents 100% desired crew support for these facilities. Crew represented under Microgravity Research 
& Materials Production is for full accommodation of materials lab #1 (COMM1201). Housekeeping crew requirements are assumed to 
be 25% of the total station crew. 

Power requirements among users are greatest for the Life Sciences and International missions. International missions which 
have the highest power requirements are the European and Japanese materials research labs (MAT110 and M-001, M-002). 
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The timeline of major mission accommodation and growth element addition for the Life Sciences emphasis, moderate 
transportation support scenario is given below. This timeline shows the correlation of resource growth (i.e., additions of power, crew, 
lab volume) with the accommodation of growth missions and the evolution of station facilities. 

Facilities in support of the Life Science emphasis include the lab science laboratory, gas grain simulator facility, 4 meter 
variable-g centrifuge, plant and animal vivarium & lab, human life science lab, CELSS (Closed Ecology Life Support Subsystem) 
system lab, CELSS pallet system, dedicated CELSS module, and the sample quarantine facility. The early increments in power and 
crew are required to relieve resource deficits of the Phase 1 mission set. A large pocket lab is added in year 4 to house the 4 meter 
centrifuge. Lab modules 4 and 5 are dedicated Life Sciences facilities which house the plant and animal vivarium & lab and the 
CELSS system lab The life science lab is reconfigured as the human life science lab with the accommodation of the vivarium and 
does not require an additional lab module. The sample quarantine facility is housed in a small pocket lab and the CELSS pallet 
system is an external, attached payload. Full accommodation of materials lab #1 requires the additional rack volume of lab module 
#6. The dedicated CELSS module shown in station operating year 1 1 is an evolution of the CELSS system lab and does not represent 
accommodation of an additional lab module. 

Additional growth items in this scenario include the OMV and payload servicing facility added in year 3 and the dual keel and 
booms added in year 7. The OMV is required for servicing of a variety of free flyers including Japanese biological free flyers and the 
Great Observatories. The upper and lower booms provide additional attach points for Observational Science and Technology 
Development payloads. Requirements of the Life Sciences facilities and other accommodated missions result in station growth io 

225 kW and 22 total crew. 
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Summary of Major Mission and Station Element Growth 
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Summary of Mission Accommodation 


• General 

•• Accommodation of growth missions included major missions in all categories; evolution of the 
Life Sciences facilities was completed by year 8 

•• Growth through year 2 is devoted to correcting crew and power deficiencies of the Phase 1 
missions and evolving the dual keel configuration including additional attach points 

•* Later growth included the accommodation of the OMV, payload servicing facility, OTV, and 
OTV hangar. This allowed the deployment and servicing of a variety of free flyers and 
co-orbiting platforms 

• Microgravity Research & Materials Production 

•* Outfitting of materials lab #1 was completed in year 6. This provided full accommodation of 
the Microgravity Research and Materials Production missions in this scenario 

• Industrial Services 

•• Primary missions accommodated include the Spacehab module in year 8 and several classes 
of communications satellite deploy and servicing missions. Spacehab was accommodated 5 
years later than desired; the communications satellite deploy missions were accommodated 
a minimum of three years later than desired 

• International 

•• Numerous missions within this category are accommodated within first 10 years of station 
operation. Primary missions include a European life science co-orbiting platform, Japanese 
and European materials processing missions (internal and free flying), and the Japanese 
astrophysics platform 
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S ummary of Missi o n Accommodation (cont) 


• Life Sciences 

Systems accommodated 1 year late in year 4 dedicated CEL 4 1 m E *Pe"mental 

"™ accornmod^ed'ori Ume'in^yeaf 8 ^ 0 " 11 ' 10 ^ 3 '^ 

time amP re,Um m,SS,0ns and ,he sam P ,e quarantine mission were also accommodated on 


Observational Sciences 

" "the ^51 RTF T n d A XAf^r o n > h' r W3S COm P le,ed >" V^r 7; included are 

the blHTF and AXAF co-orbiting platforms, Hubble Space Telescope servicing Qni*r 

errestnal Observatory growth components, and several smaller aUached missfons 
Technology Development 

** Fun accomm odation of growth missions in this category was completed in vear 7* mai 
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The final station conjuration Including module, pocket lab, solar dynamic collector, and truss additions Is shwn lor the 
Lite Sciences emphasis, aggressive transportation support scenario. The module pattern given Is conceptual only and Is meant to 
illustrate volumetric size ol the station In terms ol number of modules and pocket labs and their associated .ac , 
Configuration analysis to determine an optimal module pattern would Involve numerous operational Issues which were not 

addressed in this study. 

Growth component additions to the Phase 1 station Include 2 hab modules, 4 lab modules, 2 pocket labs ; 4 p *' r ® S0 ' 8r 

dynamic collectors, and truss additions tor the dual keel and transverse boom. Also added btd " bl ' ' * h * 

servicing facility and the OMV. The final conjuration has 3 lab modules and 2 pocket labs which are dedicated Lite Sciences 

facilities. 

Growth increments per year and increases in station resources are given In the following table. 
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Allocation ol lilt. crew, and power is shown lor station operations after completion ot growth. The pie charts are representative 
o ma ure s ation operations tor this scenario and are based on an average of annual requirements during this period. 

The lift allocation pie shows the majority of lift is required for crew & station support logistics and logistics carriers Crew & 
station support logist.es is m support ot 9 modules, 2 pocket labs, and 24 crew persons. Logistics carrier allocation represents 1 1 
pressurized log module, 18 unpressur.zed carrier, 3 fluids carrier, and 21 propellant carrier flights per year. User lift is allocated 
primarily to Industrial Services. International, and Obsen/ational Science missions. Although Life Sciences lift is fourth greatest 
among users, this represents full allocation of desired lift for the Life Sciences facilities. Industrial Services lift is in support of the 
ached Spacehab module and several classes of communications satellite deploy missions. Observational Sciences missions 
represented include servicing of the Great Observatories (Hubble Space Telescope, SIRTF, and AXAF), Space Station Spartan 

Explorer 1 servicing, growth components of the Solar Terrestrial Observatory, Hitchhiker 1, Hitchhiker 4 - Earth Radiation, and the 
Tropical Rainfall Mapping Mission 


User crew requirements are highest for International and Microgravity Research & Materials Production missions. International 
cr w requirements are primarily m support of microgravity research and life science research facilities. Crew shown under 
icrogravity Research & Materials Production are in support of full accommodation of materials lab #1 (COMM1201) Housekeeoino 
crew requirements are assumed to be 25% of the total station crew. * P 9 


. P°» e ^nutremenls among users are greatest tor the Lite Sciences and International missions. International missions which 
M-003) ' 9 eS P ° Wer rec * u,rements are ,he European and Japanese materials research labs (MAT110, MAT120, M-001, M-002, and 
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i , Tl !f !' me " ne °’ ma '° r m ' ssion accommodation and growth element addition lor the Lite Sciences emphasis aooressiue 

rew P .ah a j7 T7 m"" 3 ™ * 9ive " beiow - This ,imelinc correlation o. resource 

, o umc) wi h the accommodation of growth missions and the evolution of station facilities. 
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• Objective 


processes, plasm^p^ such as astrophysics, solar-terrestrial 

operation ot external attached payloads s«WcZn« °T? d8,,0n °' ,hese "'"Ions stresses the 
eploy of geostationary platforms ’ 9 co ' orb "'ng free-flyers, and the construction an 


Emphasized Growth Missions 


Hubble Space Telescope & Advanced 
X-Ray Astronomy Facility Servicing 

Plasma Interactions Experiments 
(part of the Solar-Terrestrial 
Observatory) 

Geostationary Observational 
Platform Assembly & Servicing 


Space Station Spartan 


Retrieval and return to the Space Station by the OMV 
>or servicing of these large space based observaSdes 

environment in orde/to studTf' 6 aC ' iV6 per,urba,iob °* the 
in space plasmas V cause - a "«-effect mechanisms 

sks p — 

astrophysics experiments. Regular 8^1!!!,%^^' 
changeou. will be performed insitu with the OTV eqU ' pmenl 

The Spartan concept will be extended to the Soace sm 
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Summary of Mission Accommodation 


• General 

•• Accommodation of growth missions in all mission categories was very poor due to the heavy 
lift reguirements needed by the Phase 1 missions and crew & station logistics 

.. Evolution of the free flyer support facilities including the station based OMV and payload 
servicing facility was accomplished at the expense of not evolving to a dual keel 
configuration (including additional attach points). This was done to provide full support 
facilities for the major observatories including the SIRTF co-orbiting platform and Hubble 
Space Telescope. The minimal number of attach points available with the Phase 1 
configuration (four) are used to support primary attached payloads of this emphasis such as 
the Solar Terrestrial Observatory 

.. Growth activities for the first 3 years were devoted to correcting resource deficiencies at Phase 
1 and accommodating the OMV and payload servicing facility 

.. Lift capability was insufficient to accommodate an additional lab module and associated 

logistics. This resulted in inadequate rack volume for complete accommodation of materials 
lab #1 

• Microgravity Research & Materials Production 

.. Complete outfitting of materials lab #1 was not possible due to insufficient rack volume and 
inadequate lift for delivery and logistics support of an additional lab module 

•• No growth missions in this category were accommodated 

• Industrial Services 

.. The missions in this category have significant lift requirements in general. For this reason 
none were accommodated in this scenario 
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Liie sciences 

" sample return missions were arrnmmnHo* ^ 

high priority a,ed on time because these missions were given 

quarantine mi s s i o n m Th 1 s *i s ^ eq Ih red* for°s u ppo r t^oT ^he two Tar^pl e^ ret 
• Observational Science 

- SI ," TF ' ”• h 6 

servicing facility PGr ormGd on t,me with full availability of the payload 

•• Several other smalk;?^^^^ WSre accommodated in year 10 

station hitchhikers 1, 2, and 3 in year 11 and Fynio" 5 T? accom modated late including the 
in years 12, 13, and 14 V 11 and Ex P lorer 2 - and 3 satellite servicing missions 

Technology Development 

■' TnSr LTZlZnt S: aCC0mm0da,ed due * Of available attach points 
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The final staiion configuration including pocket lab, solar dynamic collector, and ^XlondTh^^ase ? 
Observational Science emphasis, 5 NSTS (lights per year transportation! bu , „ot 
configuration Includes the addition of a single pocket lab and a pair ol solar dynamic collectors, 
shown is the payload servicing facility and the OMV. 

primary facilities lor support ot the Observational Science emphasis are the payload servicing facility and O 

Growth components added per year and the resulting changes In station resources are shown In the table below. 
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Allocation of hit. crew, and power is shown for station operations after completion of growth. The pie charts are representative 
of mature station operations for this scenario and are based on an average of annual requirements during this period. 

The lift allocation pie chart shows a majority of total lift is required for crew & station support logistics and logistics carriers. 

The logistics carrier allocation reflects lift required for 5 pressurized log module, 5 unpressurized carrier, 1 fluids carrier, and 3 
propellant carrier flights per year The crew & station support logistics allocation represents lift to support 4 modules, 1 pocket lab, 
and 8 crew persons. Lift allocated to Observational Science is in support of Hubble Space Telescope servicing, SIRTF servicing. 
Explorer 1, 2, and 3 servicing, and growth components of the Solar Terrestrial Observatory. 

User crew requirements are hiqhest for the International, Life Sciences, and Microgravity Research & Materials Production 
missions The International missions include only the International missions of the Phase 1 mission set. The total crew allocation for 
the International missions appears high relative to the lift and rack volume allocation. This is probably due to poor definition of actual 
crew requirements to support International facilities. 

Primary power requirements are from station housekeeping, International missions, and Life Sciences missions. Station 
housekeeping power is approximately 35 kW in support of 1 hab modules, 3 lab modules, and a small pocket lab. The International 
mission set includes several major power users including life sciences and materials research laboratories. 
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• General 

.. Growth for the first 3 years was devoted to correcting crew and power deficiencies at Phase 1 
.. Lift for the first 2 years was insufficient to allow accommodation of any growth missions 
.. Upper and lower booms were established early (year 4) as was the addition of the payload 
servicing facility 

.. Growth did not emphasize addition of laboratory modules since pressurized volume 

reguirements are minimal for most of the observational science experiments. Large amounts 
of lift were instead allocated to transporting external unpressurized equipment 

• Observational Sciences 

• ♦ Mission accommodations included all growth missions except one attached mission and the 

Experimental Geosynchronous Platform and associated payloads 
.. Hubble Space Telescope and SIRTF servicing were accommodated 1 year late in years 4 and 3, 
respectively; AXAF was serviced on time in year 5; growth payloads for the Solar Terrestrial 
Observatory were accommodated by year 10 

•• Other missions accommodated within 9 years include Space Station Spartan, Hitchhikers 1 
through 4, and Explorer 1,2, and 3 servicing 

• Industrial Services 

• • The missions in this category have significant lift requirements in general. For this reason 

none were accommodated in this scenario 

• International 

•• Very few of the growth missions were accommodated 

.. None of the international growth missions were accommodated on time; primary missions 
include smaller Japanese and Canadian technology development missions and the European 
radiation biology free flyer 
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^ I 


• Life Sciences 

" 'miss^Te.Torhis 6 scL'no" 6 ' ab ° ra,0ry W3S ,U " y aCC °—, e d ■» P»r» of .he Phase 1 

T n,t °"l y H 9r °, W,h ,.?' ss . i ° ns were ,he P' ane,ar y sample return missions and the associated 
priority ^ ' V ° f ,hese missions wer e accommodated on time due to their high 

•• The exemplary accommodation of missions in this category was due in most Dart to the iimiien 
number of missions in the growth mission set (only three) P ,iml,ed 

• Microgravity Research & Materials Production 

•• The only growth mission in this category, complete outfitting of the Microaravitv s, 

Processing Facility (COMM1201), did not occur Microgravity & Materials 

•• The on-time accommodations reflect the Phase 1 portion of the MMPF 

• Technology Development 

•• Very few of the Technology Development missions were accommodated None of the nrn«/»h 
missions were accommodated on time, and those which were accommodated late le ! 
general very short duration, low resource using experiments 


185 


am 



ORIGINAL PAGE IS 
OF POOR QUALITY 


GROWTH SCENARIO RESULTS - OBSERVATIONAL SCIENCE EMPHASIS 

MODERATE TRANSPORTATION SUPPORT 

CONTINUED 


The final station configuration including module, pocket lab, solar dynamic collector, and truss additions Is shown for the 
Observational Science emphasis, moderate transportation support scenario. The module pattern given is conceptual only and Is 
meant to illustrate volumetric size ot the station In terms ol number ol modules and pocket labs and their associated facilities. 
Configuration analysis to determine an optimal module pattern would Involve numerous operational Issues which were not 
addressed In this study. 

Major growth components added In this scenario Include 2 hab modules, 2 pocket labs, 1 pair ot solar dynamic collectors, 
the dual keel and 8 attach points. Not shown but also accommodated are the payload servicing facility and OMV. Major facilities 
in support of’the Observatonal Science emphasis are the upper and lower booms with attach points, transvservse boom with the 
Phase 1 attach points, OMV and payload servicing facility, and the planetary science experiment module. 

Growth items added per year and the resulting increases In station resources are given In the following table. 


opservat ional Sf irnt e f mphasi' 


Modot atf 

T r arr . pot 1 

at ion Model 





■■■5 




,T rn<;i; hav c , 

ftTSPI 

KiOD 

Growth Mas^ 

Year 
Pha^e t 


T otal Powei 
75 

{'■ pi Powei 
45 2 

i otal Lf evw 
8 

User Ciew 
6 

mm 

mm 

euuumMM 

mm 

0 


0 




| 

o 

75 

44 6 

8 

6 

mm 

mm 


0 


0 

0 

0 

4611 Kg 

2 

o 

75 

3 7 6 

t 2 

0 

1 1 

IBB 


9 

El 

0 

0 

0 

20509 Kg 


1 

1 76 

70 6 

16 

t 7 

1 

mm 


V . ■ / 

B 

17 

t 

0 

58569 Kg 

4 

1 

1 25 

64 4 


■a 

MM 




10 

71 

i 

0 

44227 Kg 

S 

1 

1 75 

64 4 



•D 

mm 

H 

1 

10 

71 

i 

0 

Kq 

6 

1 

1 75 

64 4 


■ |p 

1 . 

■9 

■ 



71 


0 

1510 Kg 

7 

1 

125 

63 2 





I 



71 

i 

0 

6500 Kq 


186 

















GROWTH SCENARIO RESULTS 
OBSERVATIONAL SCIENCE EMPHASIS 
MODERATE TRANSPORTATION SUPPORT 
CONTINUED 



187 


ORIGINAL PAGE IS 
OF POOR QUALITY 





GROWTH SCENARIO RESULTS - OBSERVATIONAL SCIENCES EMPHASIS 

MODERATE TRANSPORTATION SUPPORT 

CONTINUED 


Allocation ol lift, crew, and power is shown for station operations alter completion ot growth. The pie charts are representative 
ol mature station operations for this scenario and are based on an average ol annual requirements during this period. 

The lilt allocation pie chart shows that the majority ol lilt is required lor crew & station support logistics and logistics carriers 
The og, sties carrier allocation represents 8 pressurized log module, 12 unpressurtzed carrier, 2 fluids carrier, and 6 propellant carrier 
flights per year Crew ' & station support logistics represents support lor 6 modules, 2 pocket labs, and 22 crew persons. User lift is 
allocated primarily to Observational Science. International, and Lile Sciences missions. The Observational Science allocation 
represents accommodation ol 92% ol the missions in this category Examples ol these missions include servicing ol the Great 

romnonlrnruh 1 o '! T® AXAF ' and SIRTF) ’ ^P' 0 *™"' a " d servicing ol Ihe Large Deployable Rellector, and growth 

components ol Ihe Solar Terrestrial Observatory International mission allocation is in support ol the International missions ol Ihe 

Phase 1 mission set. a European biological platform, and several smaller Japanese technology development missions. Lile Sciences 
lift allocation is required for support of the life sciences lab (SAAX307). 

User crew requirements are highest for international and Observational Science missions. International crew requirements are 
25% ol tte n |rtTstation cr^ 9r8W ¥ ^ SCie " Ce research ,acili,ies Housekeeping crew requirements are assumed to be 

Power allocation among users is highest lor International, Observational Science, and Lile Sciences missions. Observational 
Science power is required mainly lor daily operations ol the external, attached missions. Additionally, tree flyers beinq serviced in the 

payload servicing facility typically require station power during Ihe service interval. 
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The timeline of major mission accommodation and growth element addition for the Observational Science emphasis, moderate 
transportation support scenario is given below. This timeline shows the correlation of resource growth (i.e., additions of power, crew 
lab volume) with the accommodation of growth missions and the evolution of station facilities 

Primary facilities in support of the Observational Science emphasis are the payload servicing facility, station-based OMV, the 
dual keel with upper and lower booms, and the planetary science experiment module. The planetary science experiment module is 
accommodated in station operating year 1 1 The sample quarantine facility is accommodated in year 7 with the addition of a small 
pocket lab. This facility is required for isolation of samples from the Mars sample return mission and the comet nucleus sample 
return mission. These facilities provide the capability to support a variety of observational science free flyers and attached payloads 
Increases in power and crew in station operating years 2 and 3 are required to relieve resource deficits created by the Phase 1 
mission set. Additional increases in crew is required for approximately 95% accommodation of all Observational Science missions 
and accommodation of numerous Technology Development and International missions. 
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Summary of Mission Accommodation 


General 

•• Mission accommodation emphasized both free flyer and attached payload missions in the 
Observational Science category. A dual keel configuration was evolved to satisfy pointing 
requirements of the Earth observing and astrophysics attached missions. The station based 
OMV and payload servicing facility were accommodated to support the Great Observatories 
and other free flying missions 

•• Year 1 growth was devoted to correcting power and crew deficits of the Phase 1 missions. The 
dual keel configuration is completed in year 3, OMV and payload servicing facility 
accommodated in year 3, and the OTV and hangar accommodated in year 4 

Microgravity Research & Materials Production 

•• Complete outfitting of materials lab #1 was not possible due to insufficient rack volume and 
inadequate lift to support an additional lab which was not required by the emphasized 
missions 

Industrial Services 

•• Mission accommodation included the deployment of 3 classes of communications satellites, 
deployment of M-Sat-B and support of the Industrial Space Facility. Deployment of the 
geostationary satellites began in year 5 with a minimum slip of 2 years. The Industrial Space 
Facility was accommodated 4 years late in year 5 


turn 
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Summary of Mission Accommodation (cont) 


Life Sciences 

" Growth missions which were accommodated are the sample return missions and the sample 
quarantine facility. These are high priority missions and are accommodated on time 

Observational Sciences 

•• All missions within this category were accommodated. Mission slips were primarily due to 
lack of available attach points prior to evolution of the dual keel in year 3 

•• The major observatories including Hubble Space Telescope, SIRTF, and AXAF were serviced 
on time 

A subset of other missions accommodated include the Solar Terrestrial Observatory growth 
components, the Experimental Geo Platform and associated payloads, Hitchhikers 1 through 
4, Space Station Spartan, and Explorer 1 through 3 servicing 

Technology Development 

•• All missions in this category were accommodated within 7 years of station operation. The 
maximum start delay for these missions is 4 years 
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The final station configuration Including module, pocket lab, solar dynamic collector, and truss additions is 

Observational Science emphasis, aggressive transportation support scenario. The module pattern, 1 ' C °Xte d ?aclHtes 
meant to Illustrate volumetric size ol the station In terms of number of modules and pocket labs and their associated ac ties. 
Configuration analysis to determine an optimal module pattern would Involve numerous operational Issues which were not 

addressed In this study. 

Ma)or growth components added In this scenario include 2 hab modules, 2 pocket labs, dual keel with 14 attach P oM * 
navload servicing tacilily and OMV, and the OTV and OTV hBngar. Facilities In support ol the Observational Science emphasis 
include the upper and lower booms with attach points, the transverse boom with Phase 1 attach points, payload servicing facility 
and OMV, the planetary science experiment module, and the OTV. 

Growth components added per year and changes In station resources are given In the table below. 
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Allocation ol lilt, crew, and power is shown for station operations alter completion ol growth 
ol mature station operations lor this scenario and are based on an average ol annual requirements 


The pie charts are representative 
during this period. 


ThP innicti !i ,? P ' e , Ch S ° WS ,h3t ,h ° ma i° n, y of llft ls squired for crew & station support logistics and logistics carriers 
flkTh K Ur rVJ TT .° n represen ’, s 9 P ressu rized log module, 30 unpressurized carrier, 2 fluids carrier, and 23 propellant carrier 

alinrMpH V f . °" support log.st.es represents support for 6 modules, 2 pocket labs, and 24 crew persons. User lift is 

allocated pr.mar.ly to Observational Science, International, and Industrial Services missions. The Observational Science allocation 

O V° 0% ,he miSSi0nS in ,hiS Ca,e9 ° ry - E - m P ,es 01 missions include se^lcing o. The Great 
Observalo res (Hubble Space Telescope, AXAF, and SIRTF), deployment and servicing ot the Large Deployable Reflector and growth 

3rrj*; ° bSerVal0ry ationa. mission allocation is in support ofthe international missions oHhe 

navTJ »rt. T,T h h f 9 T m,SSI0ns excc P' ’• These missions include a Japanese astronomical platform and associated 

payloads Canadian attached observational missions, and a European tree (Iyer telescope. Lite Sciences lilt allocalion is required (or 

suppo o e hie sciences lab (SAAX307). Lilt lor Industrial Services missions is in support ot the tree Hying Industrial Space Facility. 


User crew requirements are highest for International and Observational Science missions, 
primarily in support of microgravity research and life science research facilities. Housekeepinq 
25% of the total station crew. 


International crew requirements are 
crew requirements are assumed to be 


Power allocation among users is highest for International, Observational Science, 
Science power is required mainly for daily operations of the external, attached missions, 
payload servicing facility typically require station power during the service interval. 


and Life Sciences missions. Observational 
Additionally, free flyers being serviced in ihe 
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The limeline ol major mission accommodation and growth element addition lor the Observational Science emphasis, aggressive 
transportation support scenario is given below This timeline shows the correlation ol resource growth (i e , additions ol power crew, 

lab volume) with the accommodation of growth missions and the evolution of station facilities. 

Facilities in support of the Observational Science emphasis include the dual keel with upper and lower booms added in station 
operating year 3, the payload servicing facility and station-based OMV added in year 3, the OTV and OTV hangar added in year 4. the 
planetary science experiment module accommodated in year 4, and the astronomical geosynchronous platform accommodated in 7. 
The OTV is required for deployment and payload changeout of the astronomical geosynchronous platform. The large pocket lab 
added in station operation year 4 and the small pocket lab added in year 5 house the planetary science experiment facility and the 
sample quarantine facility, respectively. Increases in power and crew in station operating year 1 is required to relieve resource deficit 
created by accommodation of the Phase 1 mission set. Station growth to 24 total crew persons and 175 kW total power is required for 

the accommodation of 100% of the Observational Science missions and numerous Technology Development, Industrial Services, and 
International missions. 
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Summary ot Major Mission and Station. Element Growth 
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CONCLUDING REMARKS 


*sr c rs; » ~ *«• o,e ' sn «*• »««. 

Office, in support of the Program's Level I- Strateaic Plans and P^nn 3565 ’ ^. ' cutt to foresee The LaRC Space Station 
evolution options for Space Station (e q multidiscipline R&n faniii?^™? 0 ICe ’ ,s . res P° n sible for identifying viable 
System stud, os and analysis am bnino rood ^ rmd n hL faCll ' ,y ° r trans P°^t,on node for lunar base support), 
requirements are assessed by LaRC and selected for innuMn^h^^^^H^ f ° r Gach ° f ,he potential options These 
enabling future options for Station evolution 6 pro 9 ram review process based on their adequacy in 

facility in Earth orbit Missio^sets were developed that mflecHhe nn?uu3a °' Sp . aCe ® ,ation as a multidiscipline. R&D 
(e g . life science research emphasis! and muhinle o n! h 1' ' ’ , a specific utilization emphasis on Station 

with three mixed fleet, transportation models (conservative to aggress!^ °J eaC , h emphasis 

based, analytical tools to the analysis process vielded nmwth e m ca P a bility). The application of computer- 

Ilf. .0 Space Station orb,. GrovJ/mq,!?^ requ^ements for each scenario constrained by 

pressurized volume, attach points, truss structure and logistics As L'eSSS» eleC,ral p0WRr Cr6W ' 
theprocess of seiecting evolution requirements ,orZ * 

with thatT/othersources't^form^a ^Zrpha^d^v^luUon^scena^ ? e,ini, ' oa 0,,ice '"grated data from this analysis 
reasonable” scenario identified a nUTTlTm^ -v 

labs. 3 mini or "pocket" labs, and 18 external pavload attach nnimc q? '° ,J- K ', 24 crew ' 6 u s and international 
adequate for Space Station support of the currents identitiort^ S - ? . Ce hls envelo P e of requirements is also 
Space Station growth requirements V ln,,latlves • < h «e were recommended at the PRR as 
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